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RULE 131 DECLARATION 



I, Avi J. Ashkenazi, hereby declare as follows: 

1. I am the named inventor of the claimed subject matter of 
the above- identified patent application. 

2. The above- identified patent application claims priority to 
application serial no. 08/857,216 filed with the Patent Office 
on May 15, 1997, and I am the named inventor in that priority 
application. A copy of my priority application serial no. 
08/857,216 (hereinafter the "'216 application") is attached as 
Exhibit A. 

3. All work described in the above -identified application and 
the '216 application was performed by me or on my behalf in the 
United States of America. 

4. The x 216 application filed on my behalf on May 15, 1997 
demonstrates both my conception of the claimed invention of the 
present application and a constructive reduction to practice of 
the invention. 

5. Experiments performed by me or on my behalf relating to the 
identification and structural characterization of the Apo-2 
receptor are described, for example, in Example 1 of the '216 
application, pages 58-62. In in vitro binding assays, I found 
that the Apo-2 receptor extracellular domain binds the ligand 
known as Apo-2 ligand (the x 216 application, e.g., pages 63, 
lines 9-35 - page 64, lines 1-6). In further in vitro assays, I 
also found that the Apo-2 receptor was capable of inducing cell 



death in transfected mammalian cells (the x 216 application, page 
64, lines 9-35 - page 65, lines 1 -13) . 

6. In the '216 application, agonist antibodies to the Apo-2 
receptor are described. (See, e.g., Page 10, lines 3-5; Page 15, 
lines 7-10; Page 56, lines 21-23). More particularly, the x 216 
application discloses that an agonistic Apo-2 antibody may be 
employed to activate or stimulate apoptosis in mammalian cancer 
cells (Page 56, lines 21-23) . Methods for making Apo-2 
antibodies are described on pages 48-56 of the *216 application. 
Apoptotic activity in mammalian cells is described on, e.g., 
page 17, lines 1-12, of the '216 application. 

7. The x 216 application therefore demonstrates that agonist 
antibodies which bind Apo-2 receptor and stimulate apoptosis 
were conceived and constructively reduced to practice by the May 
15, 1997 filing date of my patent application. 

8. I have read and reviewed U.S. Patent Application 
Publication No. 2002/0160446 (corresponding to application 
serial number 09/811,088, hereinafter the "the x 088 
application" a copy of which is attached as Exhibit B) which was 
filed with the Patent Office on March 16, 2001. I understand 
that the x 088 application is a continuation-in-part application 
of various earlier-filed applications, which include: 

U.S. S.N. 09/757,421 (filed Jan. . 10 , 2001), now 
abandoned, which claims priority from U.S. S.N. 
08/843,652 (filed Apr. 16, 1997) ("the *652 
application")/ now abandoned. 

I have read and reviewed the x 652 application. I note that in 
these applications, the disclosed and claimed receptor sequence 
is termed "Tango-63." 

9. The '652 application discloses two polynucleotide sequences, 
"Tango-63d" and "Tango-63e" that encode a 440 and 411 amino acid 
sequence, respectively. See, e.g., page 4, lines 20-21. I will 
refer to these two sequences in this declaration as the "Tango- 
63" sequences. The x 652 application postulates that Tango-63 
sequences are similar to members of the TNF receptor 
superfamily. See, e.g., page 4, lines 17-19 and page 63, lines 
1-3. The x 652 application provides no disclosure of any 
particular sequence-based comparison (such as a sequence 
alignment) between the Tango-63 sequences and other members of 
the TNF receptor family. There is a general statement on page 
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58, lines 23-25 of the x 652 application that there is 
"conservation" between the intracellular domains of TNFR-1 and 
Tango- 63. 

10. The x 652 application states that "members of the TNF 
receptor superfamily are characterized by the presence of 
cysteine-rich repeats in their extracellular domains, and the 
Fas/APO-1 receptor and TNFR-1 also share an intracellular region 
of homology designated the "death domain".... See, page 63, lines 
4-8. The x 652 application does not characterize any particular 
domains or motifs that may be present in the Tango- 63 sequences 
themselves (e.g., any particular regions of the Tango-63 
sequences that may constitute or act as an extracellular domain, 
intracellular domain or death domain are not described) . 
Accordingly, there is no clear comparison made in the "652 
application between the Tango-63 sequences to other known 
members of the TNF receptor family such as Fas or TNFR-1. 

11. The '652 application likewise provides no analysis or data 
regarding the identity or conservation of specific amino acids 
within any putative death domain, which were known to be crucial 
for activity of the death domain of TNFR-1 (see, e.g., Table 2, 
Tartaglia et al . , Cell, 74, 845-853 (1993); Fig. 4B, Brojatsch 
et al., Cell, 87, 845-855 (1996)). 

12. I note that the functional complexity of TNF receptor 
superfamily members that contain death domain motifs was well 
known in the art at the time of the filing of the '652 
application, particularly with respect to the biological 
functions associated with binding of ligands to such receptors. 
One example is the low affinity NGF receptor (p75 NGFR, also 
called "neurotrophin receptor" or "NTR" ) known prior to the 
filing date of the x 652 application. In Rabizadeh et al . , 
Science, 261, 345-348 (1993), the authors teach that "expression 
of p75 NGFR induced neural cell death constitutively when p75 
NGFR was unbound; binding by NGF or monoclonal antibody, 
however, inhibited cell death induced by p75 NGFR" . In Chapman, 
FEBS Lett., 374, 216-220 (1995), the author states that "Unlike 
TNFR-1 and Fas, cell death induced by NTR (namely p75 NGFR) is 
reversed rather than caused by ligand binding". Thus, at the 
time of the filing of the '652 application, binding of ligand to 
NTR was known to inhibit, rather than stimulate, apoptosis. 
Therefore, the mere presence of a death domain related sequence 
is not, standing alone, indicative of the specific function or 
functions of a receptor in the TNF receptor superfamily, 
particularly those functions associated with ligand binding to 
such receptor. 
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13. The '652 application fails to identify a ligand that 
specifically binds to the putative receptors encoded by the 
Tango-63 sequences. Based on my review of the '652 application, 
it is my belief that the applicant of the '652 application was 
not aware at the time the application was filed that the Tango- 
63 bound any specific ligand. See, e.g., page 7, lines 4-11 
wherein it states that "...the polypeptides may function in a 
ligand- independent manner. In the event a ligand is identified, 
one could then determine whether that ligand acts as a full or 
partial agonist or antagonist of the polypeptide of the 
invention..." . 

14. The '652 application contains no disclosure pertaining to 
antibodies to the expression products of the Tango-63 sequences 
that have characteristics of the claimed antibodies of the 
present application. The disclosure of the '652 application 
simply provides a general indication that antibodies can be 
raised to the polypeptides of the invention (see, e.g., page 17, 
lines 22-24) and can be used in diagnostic or prognostic 
techniques or in screening assays for the evaluation of the 
effect of test compounds on expression and/or activity of Tango- 
63. See, e.g., '652 application at page 33, beginning at line 
13 to page 3 6 . 

15. There is no description in the '652 application of Tango-63 
receptor agonist antibodies which induce apoptosis in mammalian 
cells. The disclosure refers to "compounds" which may modulate 
the expression or activity of Tango-63, but such compounds 
described generally concern, e.g., small molecules, ribozymes, 
naturally-occurring or synthetic ligand, and anti-sense nucleic 
acid molecules. See, e.g., page 8, lines 15-26; page 9, lines 
4-14; page 10, lines 9-21; page 18, lines 15-26 and page 60, 
lines 22-28. The '652 application does not describe or suggest 
such a compound to be an agonist antibody to the Tango-63 
sequences. Therefore, it is my opinion that the '652 
application neither discloses nor motivates one skilled in the 
art to make or use an anti-Tango-63 antibody as an agonist 
antibody that mimics ligand (i.e^, apoptosis -inducing) activity. 

16. The '652 application fails to identify or describe any 
examples of hybridomas or monoclonal antibodies that were 
actually produced against the Tango-63 sequences. There is 
likewise no description in the '652 application of any example 
of a monoclonal antibody that was actually produced which binds 
to Tango-63, or which has apoptosis -inducing, or ligand- 
mimicking, activity. 
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17. In light of the above facts and observations, it is my 
opinion that with respect to the '652 application one skilled in 
the art would find no suggestion to produce antibodies which 
bind to the putative receptors encoded by the Tango- 63 sequences 
and which induce specific biological functions (e.g., apoptosis) 
upon binding to the putative receptor. 

I further declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code, and that such willful false statements may 
jeopardize the validity of the application or any patent issuing 
thereon . 




Avi J. Ashkenazi, Ph.D. 
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PATENT DOCKET NO. P1101 
EXPRESS MAIL NO: EM239524622US 
MAILED: May 15, 1997 



Ado- 2 Receptor 

FIELD OF THE INVENTION 
The present invention relates generally to the 
identification, isolation, and recombinant production of novel 
polypeptides, designated herein as "Apd-2" . 

BACKGROUND OF THE INVENTION 
Apoptosis or "Programmed Cell Death" 
Control of cell numbers in- mammals is believed to be 
determined, in part, by a balance between cell proliferation and 
cell death. One form of cell death, sometimes referred to as 
necrotic cell death, is typically characterized as a pathologic 
form of cell death resulting from some trauma or cellular injury. 
In contrast, there is another, "physiologic" form of cell death 
which usually proceeds in an orderly or controlled manner. This 
orderly or controlled form of cell death is often referred to as 
"apoptosis" [see, e.g., Barr et al., Bio/Technolocrv . 12:487-493 
(1994); Steller et al., Science , 267 :1445-1449 (1995) 1 . Apoptotic 
cell death naturally occurs in many physiological processes,, 
including embryonic development and clonal selection in the immune 
system [Itoh et al., Cell . 66:233-243 (1991)] . Decreased levels of 
apoptotic cell death have been associated with a variety of 
pathological conditions, including cancer, lupus, and herpes virus 
infection [Thompson, Science , 267:1456-1462 (1995)]. Increased 
levels of apoptotic cell death may be associated with a variety of 
other pathological conditions, including AIDS, Alzheimer's disease, 
Parkinson's disease, amyotrophic lateral sclerosis, multiple 
sclerosis, retinitis pigmentosa, cerebellar degeneration, aplastic 
anemia, myocardial infarction, stroke, reperfusion injury, and 
toxin- induced liver disease [see, Thompson, supra 1 . 



Apoptotic cell death is typically accompanied by one or 
more characteristic morphological and biochemical changes in cells, 
such as condensation of cytoplasm, loss of plasma membrane 
microvilli, segmentation of the nucleus, degradation of chromosomal 
5 DNA or loss of mitochondrial function, A variety of extrinsic and 
intrinsic signals are believed to trigger or induce such 
morphological and biochemical cellular changes [Raff, Nature, 
356:397-400 (1992); Steller, supra ; Sachs et al . , Blood , 82:15 
(1993)] . For instance, they can be triggered by hormonal stimuli, 

10 such as glucocorticoid hormones for immature thymocytes, as well as 
withdrawal of certain growth factors [Watanabe-Fukunaga et al . , 
Nature , 356 :314-317 (1992)]. Also, some identified oncogenes such 
as myc, rel, and E1A, and tumor suppressors, like p53, have been 
reported to have a role in inducing apoptosis. Certain 

15 chemotherapy drugs and some forms of radiation have likewise been 
observed to have apoptosis- inducing activity [Thompson, supra ] . 

TNF Family of Cytokines 
Various molecules, such as tumor necrosis factor-a ("TNF- 
a"), tumor necrosis factor-0 ("TNF-j3" or M lymphotoxin" ) , CD30 

20 ligand, CD2 7 ligand, CD40 ligand, OX-40 ligand, 4-1BB ligand, Apo-1 
ligand (also referred to as Fas ligand or CD95 ligand) , and Apo-2 
ligand (also referred to as TRAIL) have been identified as members 
of the tumor necrosis factor ("TNF") family of cytokines [See, 
e.g., Gruss and Dower, Blood , 8J5: 3378-3404 (1995); Wiley et al . , 

25 Immunity , 3:673-682 (1995); Pitti et al., J. Biol .. Chem., 
271 :12687*12690 (1996)]. Among these molecules, TNF-Of , TNF-jS, CD30 
ligand, 4-1BB ligand, Apo-1 ligand, and Apo-2 ligand (TRAIL) have 
been reported to be involved in apoptotic cell death. Both TNF-a 
and TNF-/3 have been reported to induce apoptotic death in 

30 susceptible tumor cells [Schmid et al., Proc. Natl. Acad. Sci. , 
82:1881 (1986); Dealtry et . al . , Eur. J. Immunol. , 12:689 (1987)]. 
Zheng et al. have reported that TNF-a is involved in post- 
stimulation apoptosis of CD8-positive T cells [Zheng et al . , 
Nature, 377:348-351 (1995)]. Other investigators have reported 

35 that CD30 ligand may be involved in deletion of self -reactive T 
cells in the thymus [Amakawa et al., Cold Spring Harbor Laboratory 



Symposium on Programmed Ceil Death, Abstr. No. 10, (1995)]. 

Mutations in the mouse Fas/Apo-1 receptor or ligand genes 
(called lpr and gld, respectively) have been associated with some 
autoimmune disorders, indicating that Apo-1 ligand may play a role 
5 in regulating the clonal deletion of self -reactive lymphocytes in 
the periphery [Krammer et al., Curr . Op . Immunol . , 6:279-289 
(1994); Nagata et al . , Science , 267:1449-1456 (1995)]. Apo-1 
ligand is also reported to induce post-stimulation apoptosis in 
CD4-positive T lymphocytes and in B lymphocytes, and may be 

10 involved in the elimination of activated lymphocytes when their 
function is no longer needed [Krammer et al,, supra ; Nagata et al., 
supra l . Agonist mouse monoclonal antibodies specifically binding 
to the Apo-1 receptor have been reported to exhibit cell killing 
activity that is comparable to or similar to that of TNF-a 

15 [Yonehara et al . , J . Exp . Med . , 169:1747-1756 (1989)]. 

TNF Family of Receptors 
Induction of various cellular responses mediated by such 
TNF family cytokines is believed to be initiated by their binding 
to specific cell receptors. Two distinct TNF receptors of 

20 approximately 55-kDa (TNFR1) and 75-kDa (TNFR2) have been 
identified [Hohman et al., J. Biol. Chem. , 264 : 14927-14934 (1989); 
Brockhaus et al . , Proc. Natl. Acad. Sci. , 87:3127-3131 (1990); EP 
417,563, published March 20, 1991] and human and mouse cDNAs 
corresponding to both receptor types have been isolated and 

25 characterized [Loetscher et al., Cell , 61:351 (1990); Schall et 
al., Cell , 6i:361 (1990); Smith et al., Science , 248:1019-1023 
(1990) ; Lewis et al. , Proc. Natl. Acad. Sci. , 88:2830-2834 (1991); 
Goodwin et al., Mol. Cell. Biol. , 11:3020-3026 (1991)] . Extensive 
polymorphisms have been associated with both TNF receptor genes 

30 [see, e.g., Takaoetal., Immunoaenetics , 37:199-203 (1993)]. Both 
TNFRs share the typical structure of cell surface receptors 
including extracellular, transmembrane and intracellular regions. 
The extracellular portions of both receptors are found naturally 
also as soluble TNF-binding proteins [Nophar, Y. et al . , EMBO J . , 

35 9:3269 (1990) ; and Kohno, T. et al., Proc. Natl. Acad. Sci. U.S.A. , 



.87:8331 (1990)] . More recently, the cloning of recombinant soluble 
TNF receptors was reported by Hale et al. f j. Cell. Biochem. 
Supplement 15F , 1991, p. 113 (P424)]. 

The extracellular portion of type 1 and type 2 TNFRs 
(TNFR1 and TNFR2) contains a repetitive amino acid sequence pattern 
of four cysteine-rich domains (CRDs) designated 1 through 4, 
starting from the NH 2 -terminus . Each CRD is about 40 amino acids 
long and contains 4 to 6 cysteine residues at positions which are 
well conserved [Schall et al., supra ; Lqetscher et al . , supra ; 
Smith et al., supra ; Nophar et al., supra : Kohno et al., supra l . 
In TNFR1, the approximate boundaries of the four CRDs are as 
follows: CRD1- amino acids 14 to about 53; CRD2- amino acids from 
about 54 to about 97; CRD3- amino acids from about 98 to about 138; 
CRD4- amino acids from about 139 to about 167. In TNFR2, CRD1 
includes amino acids 17 to about 54; CRD2- amino acids from about 
55 to about 97; CRD3- amino acids from about 98 to about 140; and 
CRD4- amino acids from about 141 to about 179 [Banner et al., Cell , 
73:431-435 (1993)]. The potential role of the CRDs in ligand 
binding is also described by Banner et al., supra . 

A similar repetitive pattern of CRDs exists in several 
other cell-surface proteins, including the p75 nerve growth factor 
receptor (NGFR) [Johnson et al., Cell , 47:545 (1986); Radeke et 
al., Nature , 325 :593 (1987)], the B cell antigen CD40 [Stamenkovic 
etal., EMBO J. , 8:1403 (1989)], the T cell antigen 0X40 [Mallet et 
al., EMBO J . , 9:1063 (1990)] and the. Fas antigen [Yonehara et al., 
supra and Itoh et al. , supra ] . CRDs are also found in the soluble 
TNFR (sTNFR) -like T2 proteins of the Shope and myxoma poxviruses 
[Upton et al., Virology . 160:20-29 (1987); Smith et al., Biochem. 
B iophys . Res . Commun . , 176:335 (1991); Upton et al., Virology , 
184:370 (1991)]. Optimal alignment of these sequences indicates 
that the positions of the cysteine residues are well conserved. 
These receptors are sometimes collectively referred to as members 
of the TNF/NGF receptor superfamily. Recent studies on p75NGFR 
showed that the deletion of CRD1 [Welcher, A. A. et al., Proc. Natl. 
Acad. Sci. USA , 88=159-163 (1991)] or a 5-amino acid insertion in 



this domain [Yan, H. and Chao, M.V. , J. Biol. Chem. . 266:12099- 
12104 (1991)] had little or no effect on NGF binding [Yan, H. and 
Chao, M.V., supra 1 . p75 NGFR contains a proline-rich stretch of 
about 60 amino acids, between its CRD4 and transmembrane region, 
5 which is not involved in NGF binding [Peetre, C. et al., Eur. J, 
Hematol . , 41:414-419 (1988); Seckinger, P. et al., J. Biol . Chem. . 
264.:11966-11973 (1989); Yan, H.. and Chao, M.V. , suora l . A similar 
proline-rich region is found in TNFR2 but not in TNF.R1 . 

Itoh et al. disclose that the Apo-1 receptor can signal 

10 an apoptotic cell death similar to that signaled by the 55-kDa 
TNFRl [Itoh et al., supra ] . Expression of the Apo-1 antigen has 
also been reported to be down-regulated along with that of TNFRl 
when cells are treated with either TNF-a or anti-Apo-1 mouse 
monoclonal antibody [Krammer et al., supra ; Nagata et al., suora l . 

15 Accordingly, some investigators have hypothesized that cell lines 
that co-express both Apo-1 and TNFRl receptors may mediate .cell 
killing through common signaling pathways [ Id. ] . 

The TNF family ligands identified to date, with the 
exception of lymphotoxin-a, are type II transmembrane proteins, 

20 whose C- terminus is extracellular. In contrast, the receptors in 
the TNF receptor (TNFR) family identified to date are type I 
transmembrane proteins. In both the TNF ligand and receptor 
families, however, homology identified between family members has 
been found mainly in the extracellular domain ("ECD") . Several of 

25 the TNF family cytokines, including TNF-a, Apo-1 ligand and CD40 
ligand, are cleaved proteolytically at the cell surface; the 
resulting protein in each case typically forms a homotrimeric 
molecule that functions as a soluble cytokine. TNF receptor family 
proteins are also usually cleaved proteolytically to release 

3 0 soluble receptor ECDs that can function as inhibitors of the 
cognate cytokines. 

Recently, other members of the TNFR family have been 
identified. In Marsters et al., Curr. Biol. , 6:750 (1996), 
investigators describe a full length native sequence human 

35 polypeptide, called Apo-3, which exhibits similarity to the TNFR 



family in its extracellular cysteine-rich repeats and resembles 
TNFR1 and CD95 in that it contains a cytoplasmic death domain 
sequence [see also Marsters et al . , Curr ~. Biol . , 6:1669 (1996)]. 
Apo-3 has also been referred to by other investigators as DR3, wsl- 
1 and TRAMP [Chinnaiyan et al., Science , 274 : 990 (1996); Kitson et 
al., Nature, 384 ;372 (1996); Bodmer et al./ Immunity , 6:79 (1997)]. 

Pan et al. have disclosed another TNF receptor family 
member referred to as "DR4" [Pan et al., Science , 276 : 111-113 
(1997)]. The DR4 was reported to contain a cytoplasmic death 
domain capable of engaging the cell suicide apparatus. Pan et al. 
disclose that DR4 is believed to be a receptor for the ligand known 
as Apo-2 ligand or TRAIL. 

The Apoptos is -Inducing Signaling Complex 

As presently understood, the cell death program contains 
at least three important elements - activators, inhibitors, and 
effectors; in C. elegans, these elements are encoded respectively 
by three genes, Ced-4, Ced-9 and Ced-3 [Steller, Science . 267:1445 
(1995); Chinnaiyan et al., Science , 275 :1122-1126 (1997)]. Two of 
the TNFR family members, TNFR1 and Fas/Apol (CD95) , can activate 
apoptotic cell death [Chinnaiyan and Dixit, Current Biology . 6:555- 
562 (1996); Fraser and Evan, Cell ; 85:781-784 (1996)]. TNFR1 is 
also known to mediate activation of the transcription factor, NF-«B 
[Tartaglia et al . , Cell , 74:845-853.(1993); Hsu et al., Cell , 
.84:299-308 (1996)]. In addition to some ECD homology, these two 
receptors share homology in their intracellular domain (ICD) in an 
oligomerization interface known as the death domain [Tartaglia et* 
al., supra ; Nagata, Cell , 88:355 (1997.)]. Death domains are also 
found in several metazoan proteins that regulate apoptosis, namely, 
the Drosophila protein, Reaper, and the mammalian proteins referred 
to as FADD/MORT1, TRADD, and RIP [Cleaveland and Ihle, Cell , 
81 :479-482 (1995) ] . Using the yeast-two hybrid system, Raven et 
al. report thei identification of protein, wsl-1, which binds to the 
TNFR1 death domain [Raven et al., Programmed Cell Death Meeting, 
September 20-24, 1995, Abstract at page 127; Raven et al., European 
Cytokine Network , 2:Abstr. 82 at page 210 (April- June 1996) ] . The 



wsl-1 protein is described as being homologous to TNFR1 (48% 
identity) and having a restricted tissue distribution. According 
to Raven et al., the tissue distribution of wsl-1 is significantly 
different from the TNFR1 binding protein, TRADD. 
5 Upon ligand binding and receptor clustering, TNFR1 and 

CD95 are believed to recruit FADD into a death- inducing signalling 
complex. CD95 purportedly binds FADD directly, while TNFR1 binds 
FADD indirectly via TRADD [Chinnaiyan et al., Cell , 81:505-512 

(1995) ; Boldin et al,, J. Biol. Chem. , 270:387-391 (1995); Hsu et 
10 al., supra ; Chinnaiyan et al., J. Biol. Chem. , 271 : 4961-4965 

(1996) ]. It has been reported that FADD serves as an adaptor 
protein which recruits the Ced-3-related protease, MACHa/FLICE 
(caspase 8), into the death signalling complex [Boldin et al., 
Cell , 85:803-815 (1996); Muzio et al . , Cell, 85:817-827 (1996)]. 

15 MACHor/FLICE appears to be the trigger that sets off a cascade of 
apoptotic proteases, including the interleukin-1/3 converting enzyme 
(ICE) and CPP32/Yama, which may execute some critical aspects of 
the cell death programme [Fraser and Evan, supra 1 . 

It was recently disclosed that programmed cell death 

20 involves the activity of members of a family of cysteine proteases 
related to the C. elegans cell death gene, ced-3, and to the 
mammalian IL-1 -converting enzyme, ICE. The activity of the ICE and 
CPP32/Yama proteases can be inhibited by the product of the cowpox 
virus gene, crmA [Ray et al., Cell , £9:597-604 (1992); Tewari et 

25 al. A Cell / 81: 801-809 (1995) ] . Recent studies show that CrmA can 
inhibit TNFR1- and CD95-induced cell death [Enari et al., Nature, 
375:78-81 (1995) : Tewari et al.. J. Biol. Chem. . 270:3255-3260 
(1995)] . 

As reviewed recently by Tewari et al., TNFR1, TNFR2 and 
3 0 CD40 modulate the expression of proinflammatory and costimulatory 
cytokines, cytokine receptors, and cell adhesion molecules through 
activation of the transcription factor, NF-kB [Tewari et al . , Curr . 
Op . Genet . Develop . , 6:39-44 (1996)] . NF-kB is the prototype of a 
family of dimeric transcription factors whose subunits contain 
35 conserved Rel regions [Verma et al., Genes Develop. , 2:2723-2735 



(1996); Baldwin, Ann. Rev. Immunol. , 14:649-681 (1996)]. In its 
latent form, NF-*B is complexed with members of the IkB inhibitor 
family; upon inactivation of the IkB in response to certain 
stimuli, released NF-/cB translocates to the nucleus where it binds 
to specific DNA sequences and activates gene transcription. 

For a review of the TNF family of cytokines and their 
receptors, see Gruss and Dower, supra . 

SUMMARY OF THE INVENTION 

Applicants have identified cDNA clones that encode novel 
polypeptides, designated in the present application as "Apo-2." It 
is believed that Apo-2 is a member of the TNFR family; full-length 
native sequence human Apo-2 polypeptide exhibits some similarities 
to some known TNFRs, including a cytoplasmic death domain region. 
Full-length native sequence human Apo-2 also exhibits similarity to 
the TNFR family in its extracellular cysteine-rich repeats. Apo-2 
polypeptide has been found to be capable of triggering caspase- 
dependent apoptosis and activating NF-kB. Applicants surprisingly 
found that the soluble extracellular domain of Apo-2 binds Apo-2 
ligand (Apo-2L) and can inhibit Apo-2 ligand function. It is 
presently believed that Apo-2 ligand can signal via at least two 
different receptors, DR4 and the newly described Apo-2 herein. 

In one embodiment, the invention provides isolated Apo-2 
polypeptide. In particular, the invention provides isolated native 
sequence Apo-2 polypeptide, which in one embodiment , includes an 
amino acid sequence comprising residues 1 to 411 of Figure 1 (SEQ 
ID N0;1);. In other embodiments, the isolated Apo-2 polypeptide 
comprises at least about 80% amino acid sequence identity with 
native sequence Apo-2 polypeptide comprising residues 1 to 411 of 
Figure 1 (SEQ ID NO:l) . 

In another embodiment, the invention provides an isolated 
extracellular domain (ECD) sequence of Apo-2 • Optionally, the 
isolated extracellular domain sequence comprises amino acid 
residues 54 to 182 of Fig. 1 (SEQ ID N0:1). 

In another embodiment, the invention provides an isolated 



death domain sequence of Apo-2. Optionally, the isolated death 
domain sequence comprises amino acid residues 324 to 391 of Fig. 1 
(SEQ ID N0:1) . 

In another embodiment, the invention provides chimeric 
5 molecules comprising Apo-2 polypeptide fused to a heterologous 
polypeptide or amino acid sequence. An example of such a chimeric 
molecule comprises an Apo-2 fused to an immunoglobulin sequence. 
Another example comprises an extracellular domain sequence of Apo-2 
fused to a heterologous polypeptide or amino acid sequence, such as 

10 an immunoglobulin sequence. 

In another embodiment, the invention provides an isolated 
nucleic acid molecule encoding Apo-2 polypeptide. In one aspect, 
the nucleic acid molecule is RNA or DNA that encodes an Apo-2 
polypeptide or a particular domain of Apo-2, or is complementary to 

15 such encoding nucleic acid sequence, and remains stably bound to it 
under at least moderate, and optionally, under high stringency 
conditions. In one embodiment, the nucleic acid sequence is 
selected from: 

(a) the coding region of the nucleic acid sequence of 
20 Figure 1 (SEQ ID NO: 2) that codes for residue 1 to residue 411 

(i.e., nucleotides 140-142 through 1370-1372), inclusive; 

(b) the coding region of the nucleic acid sequence of 
Figure 1 (SEQ ID NO: 2) that codes for residue 1 to residue 182 
(i.e., nucleotides 140-142 through 683-685), inclusive; 

25 (c) the coding region of the nucleic acid sequence of 

Figure 1 (SEQ ID NO: 2) that codes for residue 54 to residue 182 
(i.e., nucleotides 299-301 through 683-685) , inclusive; 

(d) the coding region of the nucleic acid sequence of 
Figure 1 (SEQ ID NO:2) that codes for residue 324 to residue 391 

30 (i.e., nucleotides 1109-1111 through 1310-1312), inclusive; or 

(e) a sequence corresponding to the sequence of (a) , (b) , 
(c) or (d) within the scope of degeneracy of the genetic code. 

In a further embodiment, the invention provides a vector 
comprising the nucleic acid molecule encoding the Apo-2 polypeptide 
35 or particular domain of Apo-2. A host cell comprising the vector 
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or the nucleic acid molecule is also provided. A method of 
producing Apo-2 is further provided. 

In another embodiment, the invention provides an antibody 
which specifically binds to Apo-2. The antibody may be an 
5 agonistic, antagonistic or neutralizing antibody. 

In another embodiment, the invention provides non-human, 
transgenic or knock-out animals. 

A further embodiment of the invention provides articles 
of manufacture and kits that include Apo-2 or Apo-2 antibodies. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 shows the nucleotide sequence of a native 
sequence human Apo-2 cDNA and its derived amino acid sequence. 

Figure 2A shows the derived amino acid sequence of a 
15 native sequence human Apo-2 - the putative signal sequence is 
underlined, the putative transmembrane domain is boxed, and; the 
putative death domain sequence is dash underlined. The cysteines 
of the two cysteine -rich domains are individually underlined. 

Figure 2B shows an alignment and comparison of the death 
20 domain sequences of native sequence human Apo-2, DR4, Apo-3/DR3, 
TNFR1, and Fas/Apo-1 (CD95) . Asterisks indicate residues that are 
essential for death signaling by TNFR1 [Tartaglia et al . , supra l . 

Figure 3 shows the interaction of the Apo-2 ECD with Apo- 
2L. Supernatants from mock-transf ected 293 cells or from 293 cells 
25 transf ected with Flag epitope -tagged Apo-2 ECD were incubated with 
poly-His-tagged Apo-2L and subjected to imtounoprecipitation with 
anti-Flag conjugated or Nickel conjugated agarose beads. The 
precipitated proteins were resolved by electrophoresis on 
polyacrylamide gels, and detected by immunoblot with anti-Apo-2L or 
30 anti-Flag antibody. 

Figure 4 shows the induction of apoptosis by Apo-2 and 
inhibition of Apo-2L activity by soluble Apo-2 ECD. Human 293 
cells (A, B) or HeLa cells (C) were transfected by pRK5 vector or 
by pRK5-based plasmids encoding Apo-2 and/or CrmA. Apoptosis was 
35 assessed by morphology (A) , DNA fragmentation (B) , or by FACS (C- 
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E) . Soluble Apo-2L was pre -incubated with buffer or affinity- 
purified Apo-2 ECD together with anti-Flag antibody or Apo-2 ECD 
immunoadhesin or DR4 or TNFR1 immunoadhesins and added to HeLa 
cells. The cells were later analyzed for apoptosis (D) . Dose- 
response analysis using Apo-2L with Apo-2 ECD immunoadhesin was 
also determined (E) . 

Figure 5 shows activation of NF-xB by Apo-2, DR4 , and 
Apo-2L. (A) HeLa cells were transfected with expression plasmids 
encoding the indicated proteins. Nuclear extracts were prepared 
and analyzed by an electrophoretic mobility shift assay. (B) HeLa 
cells or MCF7 cells were treated with buffer, Apo-2L or TNF-alpha 
and assayed for" NF-kB activity. (C) HeLa cells were preincubated 
with buffer, ALLN or cyclohexamide before addition of Apo-2L. 
Apoptosis was later analyzed by FACS. 

Figure 6 shows expression of Apo-2 mRNA in human tissues 
as analyzed by Northern hybridization* of human tissue poly A RNA 
blots. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
I. Definitions 

The terms "Apo-2 polypeptide" and "Apo-2" when used 
herein encompass native sequence Apo-2 and Apo-2 variants (which 
are further defined herein) . These terms encompass Apo-2 from a 
variety of mammals, including humans. The Apo-2 may be isolated 
from a variety of sources, such as from human tissue types or from 
another source, or prepared by recombinant or synthetic methods. 

A "native sequence Apo-2" comprises a polypeptide having 
the same amino acid sequence as an Apo-2 derived from nature. 
Thus, a native sequence Apo-2 can have the amino acid sequence of 
naturally-occurring Apo-2 from any mammal. Such native sequence 
Apo-2 can be isolated from nature or can be produced by recombinant 
or synthetic means. The term "native sequence Apo-2" specifically 
encompasses naturally-occurring truncated or secreted forms of the 
Apo-2 (e.g., an extracellular domain sequence) , naturally-occurring 
variant forms (e.g., alternatively spliced forms) and naturally- 



occurring allelic variants of the Apo-2. A naturally-occurring 
variant form of the Apo-2 includes an Apo-2 having an amino acid 
substitution at residue 410 in the amino acid sequence shown in 
Figure 1 (SEQ ID NO: 1) . In one embodiment of such naturally- 
5 ocurring variant form, the leucine residue at position 410 is 
substituted by a methionine residue. In Fig. 1 (SEQ ID NO:l), the 
amino acid residue at position 410 is identified as "Xaa" to 
indicate that the amino acid may, optionally, be either leucine or 
methionine. In Fig. 1 (SEQ ID NO:2), the nucleotide at position 

10 1367 is identified as "W" to indicate that the nucleotide may be 
either adenine (A) or thymine (T) or uracil (U) . In one embodiment 
of the invention, the native sequence Apo-2 is a mature or full- 
length native sequence Apo-2 comprising amino acids 1 to 411 of 
Fig. 1 (SEQ ID N0:1) . 

15 The " Apo-2 extracellular domain" or " Apo-2 ECD " refers to 

a form of Apo-2 which is essentially free of the transmembrane and 
cytoplasmic domains of Apo-2. Ordinarily, Apo-2 ECD will have less 
than 1% of such transmembrane and/or cytoplasmic domains and 
preferably, will have less than 0.5% of such domains. Optionally, 

20 Apo-2 ECD will comprise amino acid residues 54 to 182 of Fig. 1 
(SEQ ID NO:l) or amino acid residues 1 to 182 of Fig. 1 (SEQ ID 
NO:l) . 

"Apo-2 variant" means a biologically active Apo-2 as 
defined below having at least about 80% amino acid sequence 

25 identity with the Apo-2 having the deduced amino acid sequence 
shown in Fig. 1 (SEQ ID NO:l) for a full-length native sequence 
human Apo-2. Such Apo-2 variants include, for instance, Apo-2 
polypeptides wherein one or more amino acid residues are added, or 
deleted, at the N- or C-terminus of the sequence of Fig. 1 (SEQ ID 

.30 NO:l) . Ordinarily, an Apo-2 variant will have at least about 80% 
amino acid sequence identity, more preferably at least about 90% 
amino acid sequence identity, and even more preferably at least 
about 95% amino acid sequence identity with the amino acid sequence 
of Fig. 1 (SEQ ID NO:l). 

35 "Percent (%) amino acid sequence identity" with respect 
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to the Apo-2 sequences identified herein is defined as the 
percentage of amino acid residues in a candidate sequence that are 
identical with the amino acid residues in the Apo-2 sequence, after 
aligning the sequences and introducing gaps, if necessary, to 
5 achieve the maximum percent sequence identity, and not considering 
any conservative substitutions as part of the sequence identity. 
Alignment for purposes of determining percent amino acid sequence 
identity can be achieved in various ways that are within the skill 
in the art, for instance, using publicly available computer 
10 software such as ALIGN™ or Megalign (DNASTAR) software. Those 
skilled in the art can determine appropriate parameters for 
measuring alignment, including any algorithms needed to achieve 
maximal alignment over the full length of the sequences being 
compared . 

15 The term "epitope tagged" when used herein refers to a 

chimeric polypeptide comprising Apor2, or a domain sequence 
thereof, fused to a "tag polypeptide". The tag polypeptide has 
enough residues to provide an epitope against which an antibody can 
be made, yet is short enough such that it does not interfere with 

20 activity of the Apo-2. The tag polypeptide preferably also is 
fairly unique so that the antibody does not substantially cross - 
react with other epitopes. Suitable tag polypeptides generally 
have at least six amino acid residues and usually between about 8 
to about 50 amino acid residues (preferably, between about 10 to 

25 about 20 residues) 

"Isolated," when used to describe the various 
polypeptides disclosed herein, means polypeptide that has been 
identified and separated and/or recovered from a component of its 
natural environment. Contaminant components of its natural 

30 environment are materials that would typically interfere with 
; diagnostic or therapeutic uses for the polypeptide, and may include 
enzymes, hormones, and other proteiriaceous or non-proteinaceous 
solutes. In preferred embodiments, the polypeptide will be 
purified (1) to a degree sufficient to obtain at least 15 residues 

35 of N-terminal or internal amino acid sequence by use of a spinning 
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cup sequenator, or (2) to homogeneity by SDS-PAGE under non- 
reducing or reducing conditions using Coomassie blue or, 
preferably, silver stain. Isolated polypeptide includes 

polypeptide in situ within recombinant cells, since at least one 
5 component of the Apo-2 natural environment will not be present. 
Ordinarily, however, isolated polypeptide will be prepared by at 
least one purification step. 

An "isolated" Apo-2 nucleic acid molecule is a nucleic 
acid molecule that is identified and separated from at least one 

10 contaminant nucleic acid molecule with which it is ordinarily 
associated in the natural source of the Apo-2 nucleic acid. An 
isolated Apo-2 nucleic acid molecule is other than in the form or 
setting in which it is found in nature. Isolated Apo-2 nucleic 
acid molecules therefore are distinguished from the Apo-2 nucleic 

15 acid molecule as it exists in natural cells. However, an isolated 
Apo-2 nucleic acid molecule includes Apo-2 nucleic acid molecules 
contained in cells that ordinarily express Apo-2 where, for 
example, the nucleic acid molecule is in a chromosomal location 
different from that of natural cells. 

20 The term "control sequences" refers to DNA sequences 

necessary for the expression of an operably linked coding sequence 
in a particular host organism. The control sequences that are 
suitable for prokaryotes, for example, include a promoter, 
optionally an operator sequence, and a ribosome binding site. 

25 Eukaryotic cells are known to utilize promoters, polyadenylation 
signals, and enhancers. 

Nucleic acid is "operably linked" when it is placed into 
a functional relationship with another nucleic acid sequence. For 
example, DNA for a presequence or secretory leader is operably 

30 linked to DNA for a polypeptide if it is expressed as a preprotein 
that participates in the secretion of the polypeptide; a promoter 
or enhancer is operably linked to a coding sequence if it affects 
the transcription of the sequence; or a ribosome binding site is 
operably linked to a coding sequence if it is positioned so as to 

35 facilitate translation. Generally, "operably linked" means that 
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the DNA sequences being linked are contiguous, and, in the case of 
a secretory leader, contiguous and in reading phase. However, 
enhancers do not have to be contiguous. Linking is accomplished by 
ligation at convenient restriction sites. If such. sites do not 
5 exist, the synthetic oligonucleotide adaptors or linkers are used 
in accordance with conventional practice. 

The term "antibody" is used in the broadest sense and 
specifically covers single anti-Apo-2 monoclonal antibodies 
(including agonist, antagonist, and neutralizing antibodies) and 

10 anti-Apo-2 antibody compositions with polyepitopic specificity. 

The term "monoclonal antibody" as used herein refers to 
an antibody obtained from a population of substantially homogeneous 
antibodies, i.e., the individual antibodies comprising the 
population are identical except for possible naturally-occurring 

15 mutations that may be present in minor amounts. Monoclonal 
antibodies are highly specific, being directed against a single 
antigenic site. Furthermore, in contrast to conventional 
(polyclonal) antibody preparations which typically include 
different antibodies directed against different determinants 

20 (epitopes) , each monoclonal antibody is directed against a single 
determinant on the antigen. 

The monoclonal antibodies herein include hybrid and 
recombinant antibodies produced by splicing a variable (including 
hype rvari able) domain of an anti-Apo-2 antibody with a constant 

25 domain (e.g. "humanized" antibodies), or a light chain with a heavy 
chain, or a chain from one species with a chain from another 
species, or fusions with heterologous proteins, regardless of 
species of origin or immunoglobulin class or subclass designation, 
as well as antibody fragments (e.g., Fab, F(ab') 2 # and f* v ) < so. long 

30 as they exhibit the desired biological activity. See, e.g. U.S. 
.Pat . No. 4,816,567 and Mage et al . , in Monoclonal Antibody 
Production Techniques and Applications , pp.79-97 (Marcel Dekker, 
Inc. : New York, 1987). 

Thus, the modifier "monoclonal" indicates the character 

35 of the antibody as being obtained from a substantially homogeneous 



population of antibodies, and is not to be construed as requiring 
production of the antibody by any particular method. For example, 
the monoclonal antibodies to be used in accordance with the present 
invention may be made by the hybridoma method first described by 
5 Kohler and Milstein, Nature . 256:495 (1975), or may be made by 
recombinant DNA methods such as described in U.S. Pat. No. 
4,816,567. The "monoclonal antibodies" may also be isolated from 
phage libraries generated using the techniques described in 
McCafferty et al., Nature, 148:552-554 (1990), for example, 

10 "Humanized" forms of non-human (e.g. murine) antibodies 

are specific chimeric immunoglobulins, immunoglobulin chains, or 
fragments thereof (such as Fv, Fab, Fab', F(ab') 2 or other antigen- 
binding subsequences of antibodies) which contain minimal sequence 
derived from non-human immunoglobulin. For the most part, 

15 humanized antibodies are human immunoglobulins (recipient antibody) 
in which residues from a complementary determining region (CDR) of 
the recipient are replaced by residues from a CDR of a non-human 
species (donor antibody) such as mouse, rat, or rabbit having the 
desired specificity, affinity, and capacity. In some instances, Fv 

20 framework region (FR) residues of the human immunoglobulin are 
replaced by corresponding non-human residues. Furthermore, the 
humanized antibody may comprise residues which are found neither in 
the recipient antibody nor in the imported CDR or framework 
sequences. These modifications are made to further refine and 

25 optimize antibody performance. In general, the humanized antibody 
will comprise substantially all of at least one, and typically two,* 
: variable domains, in which all or substantially all of the CDR 
regions correspond to those of a non-human immunoglobulin and all 
or substantially all of the FR regions are those of a human 

30 immunoglobulin consensus sequence. The humanized antibody 
optimally also will comprise at least a portion of an 
; immunoglobulin constant region or domain (Fc) , typically that of a 
human immunoglobulin. 

"Biologically active" and "desired biological activity" 

35 for the purposes herein mean having the ability to modulate 
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apoptosis (either in an agonistic or stimulating manner or in an 
antagonistic or blocking manner) in at least one type of mammalian 
cell in vivo or ex vivo. 

The terms "apoptosis" and "apoptotic activity" are used 
5 in a broad sense and refer to the orderly or controlled form of 
cell death in mammals that is typically accompanied by one or more 
characteristic cell changes, including condensation of cytoplasm, 
loss of plasma membrane microvilli, segmentation of the nucleus, 
degradation of chromosomal DNA or loss of mitochondrial function. 
10 This activity can be determined and measured, for instance, by cell 
viability assays, FACS analysis or DNA electrophoresis, all of 
which are known in the art. 

The terms "treating," "treatment," and "therapy" as used 
herein refer to curative therapy, prophylactic therapy, and 
15 preventative therapy. 

The term "mammal" as used herein refers to any mammal 
classified as a mammal, including humans, cows, horses, dogs and 
cats. In a preferred embodiment of the invention, the mammal is a 
human . 

20 

II. Compositions and Methods of the Invention 

The present invention provides newly identified and 
isolated Apo-2 polypeptides. In particular, Applicants have 
identified and isolated various human Apo-2 polypeptides.. The 

25 properties and characteristics of some of these Apo-2 polypeptides 
are described in further detail in the Examples below. Based upon 
the properties and characteristics of the Apo-2 polypeptides 
disclosed herein, it is Applicants' present belief that Apo-2 is a 
member of the TNFR family. 

30 A description follows as to how Apo-2, as well as Apo-2 

chimeric molecules and anti -Apo-2 antibodies, may be prepared. 
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A. Preparation of Ado- 2 

The description below relates primarily to production of 
Apo-2 by culturing cells transformed or transfected with a vector 
containing Apo-2 nucleic acid. It is of course, contemplated that 
5 alternative methods, which are well known in the art, may be 
employed to prepare Apo^2. 

1. Isolation of DNA Encoding Apo-2 

The DNA encoding Apo-2 may be obtained from any cDNA 
library prepared from tissue believed to possess the Apo-2 mRNA and 

10 to express it at a detectable level. Accordingly, human Apo-2 DNA 
can be conveniently obtained from a cDNA library prepared from 
human tissues, such as the bacteriophage libraries of human 
pancreas and kidney cDNA described in Example 1. The Apo-2 - 
encoding gene may also be obtained from a genomic library or by 

15 oligonucleotide synthesis. 

Libraries can be screened with probes (such as antibodies 

* 

to the Apo-2 or oligonucleotides of at least about 20-80 bases) 
designed to identify the gene of interest or the protein encoded by 
it. Screening the cDNA or genomic library with the selected probe 

20 may be conducted using standard procedures, such as described in 
Sambrook et al . , Molecular Cloning: A Laboratory Manual (New York: 
Cold Spring Harbor Laboratory Press, 1989) . An alternative means 
to isolate the gene encoding Apo-2 is to use PCR methodology 
[Sambrook et al., supra ; Dieffenbach et al., PCR Primer: A 

25 Laboratory Manual (Cold Spring Harbor Laboratory Press, 1995)]. 

A preferred method of screening employs selected 
oligonucleotide sequences to screen cDNA libraries from various 
human tissues. Example 1 below describes techniques for screening 
a cDNA library. The oligonucleotide sequences selected as probes 

30 should be of sufficient length and sufficiently unambiguous that 
false positives are minimized. The oligonucleotide is preferably 
labeled such that it can be detected upon hybridization to DNA in 
the library being screened. Methods of labeling are well known in 
the art, and include the use of radiolabels like 32 P-labeled ATP, 

35 biotinylation or enzyme labeling. Hybridization -. conditions, 
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inlcuding moderate stringency and high stringency, are. provided in 
Sambrook et al., supra . 

Nucleic acid having all the protein coding sequence may 
be obtained by screening selected cDNA or genomic libraries using 
5 the deduced amino acid sequence disclosed herein for the first 
time, and, if necessary, using conventional primer extension 
procedures as described in Sambrook et al., supra , to detect 
precursors and processing intermediates of mRNA that may not have 
been reverse- transcribed into cDNA. 

10 Apo-2 variants can be prepared by introducing appropriate 

nucleotide changes into the Apo-2 DNA, or by synthesis of the 
desired Apo-2 polypeptide. Those skilled in the art will 
appreciate that amino acid changes may alter post-translational 
processes of the Apo-2, such as changing the number or position of 

15 glycosylation sites or altering the membrane anchoring 
characteristics. 

Variations in the native full-length sequence Apo-2 or in 
various domains of the Apo-2 described herein, can be made, for 
example, using any of the techniques and guidelines for 

20 conservative and non-conservative mutations set forth, for 
instance, in U.S. Pat. No. 5,364,934. Variations may be a 
substitution, deletion or insertion of one or more codons encoding 
the Apo-2 that results in a change in the amino acid sequence of 
the Apo-2 as compared with the native sequence Apo-2. Optionally 

25 the variation is by substitution of at least one amino acid with 
any other amino acid in one or more of the domains of the Apo-2 
molecule. The variations can be made using methods known in the 
art such as oligonucleotide -mediated (site-directed) mutagenesis, 
alanine scanning, and PCR mutagenesis. Site-directed mutagenesis 

30 [Carter et al., Nucl. Acids Res. , 13:4331 (1986); Zoller et al., 
Nucl . Acids Res . . 10:6487 (1987)], cassette mutagenesis [Wells et 
al. , Gene , 34.:315 (1985) ], restriction selection mutagenesis [Wells 
et al., Philos. Trans. R. Soc. London SerA , 317 :415 (1986)] or 
other known techniques can be performed on the cloned DNA to 

35 produce the Apo-2 variant DNA. 
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Scanning amino acid analysis can also be employed to 
identify one or more amino acids along a contiguous sequence which 
are involved in the interaction with a particular ligand or 
receptor. Among the preferred scanning amino acids are relatively 
5 small, neutral amino acids. Such amino acids include alanine, 
glycine, serine, and cysteine. Alanine is the preferred scanning 
amino acid among this group because it eliminates the side-chain 
beyond the beta-carbon and is. less likely to alter the main-chain 
conformation of the variant. Alanine is also preferred because it 

10 is the most common amino acid. Further, it is frequently found in 
both buried and exposed positions [Creighton, The Proteins , (W.H. 
Freeman .& Co., N. Y. ) ; Chothia, J. Mol . Biol. , 150:1 (1976)]. If 
alanine substitution does not yield adequate amounts of variant, an 
isoteric amino acid can be used. 

15 Once selected Apo-2 variants are produced, they can be 

contacted with, for instance, Apo-2L, and the interaction, if .any, 
can be determined. The interaction between the Apo-2 variant and 
Apo-2L can be measured by an in vitro assay, such as described in 
the Examples below. While any number of analytical measurments can 

20 be used to compare activities and properties between a native 
sequence Apo-2 and an Apo-2 variant, a convenient one for binding 
is the dissociation constant of the complex formed between the 
Apo-2 variant and Apo-2L as compared to the for the native 
sequence Apo-2. Generally, a .> 3- fold increase or decrease in K d 

25 per substituted residue indicates that the substituted residue (s) 
is active in the interaction of the native sequence Apo-2 with the 
Apo-2L. 

Optionally, representative sites in the Apo-2 sequence 
suitable for mutagenesis would include sites within the 
30 extracellular domain, and particularly, within one or both of the 
cysteine-rich domains. Such variations can be accomplished using 
the methods described above. 

2 . Insertion of Nucleic Acid into A Replicable Vector 
The nucleic acid (e.g., cDNA or genomic DNA) encoding 
35 Apo-2 may be inserted into a replicable vector for further cloning 



(amplification of the DNA) or for expression. Various vectors are 
publicly available. The vector components generally include, but 
are not limited to, one or more of the following: a signal 
sequence, an origin of replication, one or more marker genes, an 
5 enhancer element, a promoter, and a transcription termination 
sequence, each of which is described below. 

( i ) Signal Sequence Component 
The Apo^2 may be produced recombinantly not only 
directly, but also as a fusion polypeptide with a heterologous 

10 polypeptide, which may be a signal sequence or other polypeptide 
having a specific cleavage site at the N-terminus of the mature 
protein or polypeptide. In general, the signal sequence may be a 
component of the vector, or it may be a part of the Apo-2 DNA that 
is inserted into the vector. The heterologous signal sequence 

15 selected preferably is one that is recognized and processed {i.e., 
cleaved by a signal peptidase) by the host cell. The signal 
sequence may be a prokaryotic signal sequence selected, for 
example, from the group of the alkaline phosphatase/penicillinase, 
lpp, or heat-stable enterotoxin II leaders. For yeast secretion 

20 the signal sequence may be, e.g., the yeast invertase leader, alpha 
factor leader (including Saccharomyces and Kluyveromyces a- factor 
leaders, the latter described in U.S. Pat. No. 5,010,182), or acid 
phosphatase leader, the C. albicans glucoamylase leader (EP 362,179 
published 4 April 1990), or the signal described in WO 90/13646 

25 published 15 November 1990. In mammalian cell expression the 
native Apo-2 presequence that normally directs insertion of Apo-2 
iri the cell membrane of human cells in vivo is satisfactory, 
although other mammalian signal sequences may be used to direct 
secretion of the protein, such as signal sequences from secreted 

30 polypeptides of the same or related species, as well as viral 
secretory leaders, for example, the herpes simplex glycoprotein D 
signal . 

The DNA for such precursor region is preferably ligated 
in reading frame to DNA encoding Apo-2 . 

35 
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(ii) Origin of Replication Component 

Both expression and cloning vectors contain a nucleic 
acid sequence that enables the vector to replicate in one or more 
selected host cells. Generally, in cloning vectors this sequence 
5 is one that enables the vector to replicate independently of the 
host chromosomal DNA, and includes origins of replication or 
autonomously replicating sequences. Such sequences are well known 
for a variety of bacteria, yeast, and viruses. The origin of 
replication from the plasmid pBR322 is suitable for most Gram- 

10 negative bacteria, the 2fi plasmid origin is suitable for yeast, and 
various viral origins (SV40, polyoma, adenovirus, VSV or BPV) are 
useful for cloning vectors in mammalian cells. Generally, the 
origin of replication component is not needed for mammalian 
expression vectors (the SV40 origin may typically be used because 

15 it contains the early promoter) . 

Most expression vectors are "shuttle" vectors, i.e., they 
are capable of replication in at least one class of organisms but 
can be transfected into another organism for expression. For 
example, a vector is cloned in E. coli and then the same vector is 

20 transfected into yeast or mammalian cells for expression even 
. though it is not capable of replicating independently of the host 
cell chromosome. 

DNA may also be amplified by insertion into the host 
genome. This is readily accomplished using Bacillus species as 

25 hosts, for example, by including in the vector a DNA sequence that 
is complementary to a sequence found in Bacillus genomic DNA. 
Transfection of Bacillus with this vector results in homologous 
recombination with the genome. and insertion of Apo-2 DNA. However, 
the recovery of genomic DNA encoding Apo-2 is more complex than 

30 that of an exogenously replicated vector because restriction enzyme 
digestion is required to excise. the Apo-2 DNA. 

(iii) Selection Gene Component 

Expression and cloning vectors typically contain a 
selection gene, also termed a selectable marker. This gene encodes 
35 a protein necessary for the survival or growth of transformed host 
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cells grown in a selective culture medium. Host cells not 
transformed with the vector containing the selection gene will not 
survive in the culture medium. Typical selection genes encode 
proteins that (a) confer resistance to antibiotics or other toxins, 
e.g., ampicillin, neomycin, methotrexate, or tetracycline, (b) 
complement auxotrophic deficiencies, or (c) supply critical 
nutrients not available from complex media, e.g., the gene encoding 
D-alanine racemase for Bacilli. 

One example of a selection scheme utilizes a drug to 
arrest growth of a host cell. Those cells that are successfully 
transformed with a heterologous gene produce a protein conferring 
drug resistance and thus survive the selection regimen. Examples 
of such dominant selection use the drugs neomycin [Southern et al . , 
J. Mole c. ApdI. Genet. , 1: 327 (1982) ], mycophenolic acid (Mulligan 
et al., Science . 209:1422 (1980)] or hygromycin [Sugden et al., 
Mol. Cell. Biol. . 5:410-413 (1985)].. The three examples given 
above employ bacterial genes under eukaryotic control to convey 
resistance to the appropriate drug G4 18 or neomycin (geneticin) , 
xgpt (mycophenolic acid) , or hygromycin, respectively. 

Another example of suitable selectable markers for 
mammalian cells are those that enable the identification of cells 
competent to take up the Apo-2 nucleic acid, such as DHFR or 
thymidine kinase. The mammalian cell - trans f ormants are placed 
under selection pressure that only the transf ormants are uniquely 
adapted to survive by virtue of having taken up the marker. 
Selection pressure is imposed by culturing the transf ormants under 
conditions in which the concentration of selection agent in the 
medium is successively changed, thereby leading to amplification of 
both the selection gene and the DNA that encodes Apo-2. 
Amplification is the process by which genes in greater demand for 
the production of a protein critical for growth are reiterated in 
tandem within the chromosomes of successive generations of 
recombinant cells. Increased quantities of Apo-2 are synthesized 
from the amplified DNA. Other examples of amplifiable genes 
include metallothionein-I and -II, adenosine deaminase, and 



ornithine decarboxylase. 

Cells transformed with the DHFR selection gene may first 
be identified by culturing all of the transformants in a culture 
medium that contains methotrexate (Mtx) , a competitive antagonist 
5 of DHFR. An appropriate host cell when wild- type DHFR is employed 
is the Chinese hamster ovary (CHO) cell line deficient in DHFR 
activity, prepared and propagated as described by Urlaub et al., 
Proc. Natl. Acad. Sci. USA , 77:4216 (1980) . The transformed cells 
are then exposed to increased levels of methotrexate. This leads 

10 to the synthesis of multiple copies of the DHFR gene, and, 
concomitantly, multiple copies of other DNA comprising the 
expression vectors, such as the DNA encoding Apo-2. This 
amplification technique can be used with any otherwise suitable 
host, e.g., ATCC No. CCL61 CH0-K1, notwithstanding the presence of 

15 endogenous DHFR if, for example, a mutant DHFR gene that is highly 
resistant to Mtx is employed (EP 117,060). 

Alternatively, host cells (particularly wild-type hosts 
that contain endogenous DHFR) transformed or cb- transformed with 
DNA sequences encoding Apo-2, wild-type DHFR protein, and another 

20 selectable marker such as aminoglycoside 3 ' -phosphotransferase 
(APH) can be selected by cell growth in medium containing a 
selection agent for the selectable marker such as an 
aminoglycoside antibiotic, e.g., kanamycin, neomycin, or G418. 
See U.S. Patent No. 4,965,199. 

25 A suitable selection gene for use in yeast is the trpl 

gene present in the yeast plasmid YRp7 [Stinchcomb et al . , Nature . 
282:39 (1979); Kingsman et al., Gene , 7:141 (1979); Tschemper et 
al., Gene . 10:157 (1980)]. The trpl gene provides a selection 
marker for a mutant strain of yeast lacking the ability to grow in 

30 tryptophan, for example, ATCC No. 44076 or PEP4-1 [Jones, Genetics . 
85:12 (1977)]. The presence of the trpl lesion in the yeast host 
cell genome then provides an effective environment for detecting 
transformation by growth in the absence of tryptophan. Similarly, 
Leu2 -deficient yeast strains (ATCC 20,622 or 38,626) are 

35 complemented by known plasmids bearing the Leu2 gene. 



In addition, vectors derived from the 1.6 /xm circular 
plasmid pKDl can be used for transformation of Kluyveromyces yeasts 
[Bianchi et al., Curr. Genet: , 12:185 (1987)], More recently, an 
expression system for large-scale production of recombinant calf 
5 chymosin was reported for K: lactis [Van den Berg, Bio/Technolocrv , 
8.:135 (1990)] . Stable multi-copy expression vectors for secretion 
of mature recombinant human serum albumin by industrial strains of 
Kluyveromyces have also been disclosed [Fleer et al . , 
Bio/Technolocrv . 9:968-975 (1991)]. 

10 (iv) Promoter Component 

Expression and cloning vectors usually contain a promoter 
that is recognized by the host organism and is operably linked to 
the Apo-2 nucleic acid sequence. Promoters are untranslated 
sequences located upstream (5') to the start codon of a structural 

15 gene (generally within about 100 to 1000 bp) that control the 
transcription and translation of particular nucleic acid sequence, 
such as the Apo-2 nucleic acid sequence, to which they are operably 
linked. Such promoters typically fall into two classes, inducible 
and constitutive. Inducible promoters are promoters that initiate 

20 increased levels of transcription from DNA under their control in 
response to some change in culture conditions, e.g., the presence 
or absence of a nutrient or a change in temperature. At this time 
a large number of promoters recognized by a variety of potential 
host cells are well known. These promoters are operably linked to 

25 Apo-2 encoding DNA by removing the promoter from the source DNA by 
restriction enzyme digestion and inserting the isolated promoter 
sequence into the vector. Both the native Apo-2 promoter sequence 
and many heterologous promoters may be used to direct amplification 
and/or expression of the Apo-2 DNA. 

30 Promoters suitable for use with prokaryotic hosts include 

the 0- lactamase and lactose promoter systems [Chang et al., Nature, 
275:615 (1978) ; Goeddel et al., Nature , 281:544 (1979)1 , alkaline 
phosphatase, a tryptophan (trp) promoter system [Goeddel, Nucleic 
Acids Res . . 8:4057 (1980) ; EP 36,776] , and hybrid promoters such as 

35 the tac promoter [deBoer et al., Proc. Natl. Acad. Sci. USA , 8^:21- 



25 (1983)] . However, other known bacterial promoters are suitable. 
Their nucleotide sequences have been published, thereby enabling a 
skilled worker operably to ligate them to DNA encoding Apo-2 
[Siebenlist et al . , Cell , 20:269 (1980)] using linkers or adaptors 
5 to supply any required restriction sites. Promoters for use in 
bacterial systems also will contain a Shine -Dalgarno (S.D.) 
sequence operably linked to the DNA encoding Apo-2. 

Promoter sequences are known for eukaryotes . Virtually 
all eukaryotic genes have an AT-rich region located approximately 

10 25 to 30 bases upstream from the site where transcription is 
initiated. Another sequence found 70 to 80 bases upstream from the 
start of transcription of many genes is a CXCAAT region where X may 
be any nucleotide. At the 3' end of most eukaryotic genes is an 
AATAAA sequence that may be the signal for addition of the poly A 

15 tail to the 3' end of the coding sequence. All of these sequences 
are suitably inserted into eukaryotic expression vectors. 

Examples of suitable promoting sequences for use with 
yeast hosts include the promoters for 3 -phosphoglycerate kinase 
[Hitzeman et al., J. Biol. Chem. , 255:2073 (1980)] or other 

20 glycolytic enzymes [Hess et al., J. Adv. Enzvme Reg. , 7:149 (1968); 
Holland, Biochemistry , 17:4900 (1978)], such as enolase, 
glyceraldehyde -3 -phosphate dehydrogenase, hexokinase, pyruvate 
decarboxylase, phosphof ructokinase, glucose -6 -phosphate isomerase, 
3 -phosphoglycerate mutase, pyruvate kinase, triosephosphate 

25 isomerase, phosphoglucose isomerase, and glucokinase. 

Other yeast promoters, which are inducible promoters 
having the additional advantage of transcription controlled by 
growth conditions, are the promoter regions for alcohol 
dehydrogenase 2, isocytochrome C, acid phosphatase, degradative 

30 enzymes associated with nitrogen metabolism, metallothionein, 
glyceraldehyde -3 -phosphate dehydrogenase, and enzymes responsible 
for maltose and galactose utilization. Suitable vectors and 
promoters for use in yeast expression are further described in EP 
73,657. Yeast enhancers also are advantageously used with yeast 

35 promoters. 
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Apo-2 transcription from vectors in mammalian host cells 
is controlled, for example, by promoters obtained from the genomes 
of viruses such as polyoma virus, fowlpox virus (UK 2,211,504 
published 5 July 1989}, adenovirus (such as Adenovirus 2), bovine 
5 papilloma virus, avian sarcoma virus, cytomegalovirus, a 
retrovirus, hepatitis-.B virus and most preferably Simian Virus 40 
(SV40) , from heterologous mammalian promoters, e.g., the actin 
promoter or an immunoglobulin promoter, from heat-shock promoters, 
and from the promoter normally associated with the Apo-2 sequence, 

10 provided such promoters are compatible with the host cell systems. 

The early and late promoters of the SV40 virus are 
conveniently obtained as an SV40 restriction fragment that also 
contains the SV40 viral origin of replication [Fiers et al . , 
Nature, 273 : 113 (1978) ; Mulligan and Berg, Science , 209 :1422-1427 

15 (1980); Pavlakis et al . , Proc. Natl. Acad. Sci. USA , 78:7398-7402 
(1981)] . The immediate early promoter of the human cytomegalovirus 
is conveniently obtained as a Hindlll E restriction fragment 
[Greenaway et al., Gene , JL8: 355-360 (1982)]. A system for 
expressing DNA in mammalian hosts using the bovine papilloma virus 

20 as a vector is disclosed in U.S. Patent No. 4,419,446. A 
modification of this system is described in U.S. Patent No. 
4,601,978 [See also Gray et al., Nature, 295 :503-508 (1982) on 
expressing cDNA encoding immune interferon in monkey cells; Reyes 
et al., Nature, 297 : 598-601 (1982) on expression of human /?- 

25 interferon cDNA in mouse cells under the control of a thymidine 
kinase promoter from herpes simplex virus; Canaan! and Berg, Proc . 
Natl. Acad. Sci . USA 79 : 5166-5170 (1982) on expression of the human 
interferon $1 gene in cultured mouse and rabbit cells; and Gorman 
et al., Proc. Natl. Acad. Sci. USA , 79:6777-6781 (1982) on 

30 expression of bacterial CAT sequences in CV-1 monkey kidney cells, 
chicken embryo fibroblasts, Chinese hamster ovary cells, HeLa 
cells, and mouse NIH-3T3 cells using the Rous sarcoma virus long 
terminal repeat as a promoter] . 

(v) Enhancer Element Component 

35 Transcription of a DNA encoding the Apo-2 of this 



invention by higher eukaryotes may be increased by inserting an 
enhancer sequence into the vector. Enhancers are cis -acting 
elements of DNA, usually about from 10 to 300 bp, that act on a 
promoter to increase its transcription. Enhancers are relatively 
5 orientation and position independent, having been found 5' [Laimins 
etal., Proc. Natl, Acad. Sci. USA , 78:993 (1981]) and 3' (Lusky et 
al., Mol. Cel l Bio. , 3:1108 (1983]) to the transcription unit, 
within an intron [Banerji et al.. Cell / 33.:729 (1983)], as well as 
within the coding sequence itself [Osborne et al., Mol. Cell Bio. , 

10 4:1293 (1984)]. Many enhancer sequences are now known from 
mammalian genes (globin, elastase, albumin, a-f etoprotein, and 
insulin). Typically, however, one will use an enhancer from a 
eukaryotic cell virus. Examples include the SV40 enhancer on the 
late side of the replication origin (bp 100-270), the 

15 cytomegalovirus early promoter enhancer, the polyoma enhancer on 
the late side of the replication origin, and adenovirus enhancers. 
See also Yaniv, Nature, 297 :17-18 (1982) on enhancing elements for 
activation of eukaryotic promoters. The enhancer may be spliced 
into the vector at a position 5' or 3' to the Apo-2 coding 

20 sequence, but is preferably located at a site 5' from the promoter. 

(vi) Transcription Termination Component 
Expression vectors used in eukaryotic host cells (yeast, 

fungi, insect, plant, animal, human, or nucleated cells from other 
multicellular organisms) will also contain sequences necessary for 

25 the termination of transcription and for stabilizing the mRNA. 
Such sequences are commonly available from the 5' and, occasionally 
3', untranslated regions of eukaryotic or viral DNAs or cDNAs . 
These regions contain nucleotide segments transcribed as 
polyadenylated fragments in the untranslated portion of the mRNA 

30 encoding Apo-2. 

(vii) Construction and Analysis of Vectors 
Construction of suitable vectors containing one or more 

of the above- listed components employs standard ligation 
techniques. Isolated plasmids or DNA fragments are cleaved, 
35 tailored, and re-ligated in the form desired to generate the 



plasmids required. 

For analysis to confirm correct sequences in plasmids 
constructed, the ligation mixtures can be used to transform E. coli 
K12 strain 294 (ATCC 31,446) and successful transformants selected 
by ampicillin or tetracycline resistance where appropriate. 
Plasmids from the transformants are prepared, analyzed by 
restriction endonuclease digestion, and/or sequenced by the method 
of Messing et al., Nucleic Acids Res . , 9:309 (1981) or by the 
method of Maxam et al., Methods in Enzymolocry , £5:499 (1980). 

(viii) Transient Expression Vectors 

Expression vectors that provide for the transient 
expression in mammalian cells of DNA encoding Apo-2 may be 
employed. In general, transient expression involves the use of an 
expression vector that is able to replicate efficiently in a host 
cell, such that the host cell accumulates many copies of the 
expression vector and, in turn, synthesizes high levels of a 
desired polypeptide encoded by the expression vector [Sambrook et 
al,, supra]. Transient expression systems, comprising a suitable 
expression vector and a host cell, allow for the convenient 
positive identification of polypeptides encoded by cloned DNAs, as 
well as for the rapid screening of such polypeptides for desired 
biological or physiological properties. Thus, transient expression 
systems are particularly useful in the invention for purposes of 
identifying Apo-2 variants. 

(ix) Suitable Exemplary Vertebrate Cell Vectors 
Other methods, vectors, and host cells suitable for 

adaptation to the synthesis of Apo-2 in recombinant vertebrate cell 
culture are described in Gething et al., Nature, 291:620-625 
(1981); Mantei et al., Nature , 281:40-46 (1979); EP 117,060; and EP 
117,058. 

3. Selection and Transformation of Host Cells 
Suitable host cells for cloning or expressing the DNA in 
the vectors herein are the prokaryote, yeast, or higher eukaryote 
cells described above. Suitable prokaryotes for this purpose 
include but are not limited to eubacteria, such as Gram- negative or 



Gram-positive organisms, for example, Enterobacteriaceae such as 
Escherichia, e.g., E. coli t Enterobacter, Erwinia, Klebsiella* 
Proteus, Salmonella, e.g., Salmonella typhimurium, Serratia, e.g., 
Serratia marcescans, and Shigella, as well as Bacilli such as B. 
subtil is and B. licheniformis (e.g., B. licheniformis 4 IP disclosed 
in DD 266,710 published 12 April 1989), Pseudomonas such as P. 
aeruginosa, and Streptomyces. Preferably, the host cell should 
secrete minimal amounts of proteolytic enzymes. 

In addition to prokaryotes, eukaryotic microbes such as 
filamentous fungi or yeast are suitable cloning or expression hosts 
for Apo- 2 -encoding vectors- Saccharomyces cerevisiae, or common 
baker's yeast, is the most commonly used among lower eukaryotic 
host microorganisms. However, a number of other genera, species, 
and strains are commonly available and use N ful herein. 

Suitable host cells for the expression of glycosylated 
Apo-2 are derived from multicellular organisms. Such host qells 
are capable of complex processing and glycosylation activities. In 
principle, any higher eukaryotic cell culture is workable, whether 
from vertebrate or invertebrate culture. Examples of invertebrate 
cells include plant and insect cells. Numerous baculoviral strains 
and variants and corresponding permissive insect host cells from 
hosts such as Spodoptera frugiperda (caterpillar) , Aedes aegypti 
(mosquito) , Aedes albopictus (mosquito) , Drosophila melanogaster 
(fruitf ly) , and Bombyx mori have been identified [See, e.g., Luckow 
et al . , Bio/Technoloav . 6:47-55 (1988) ; Miller et al . . in Genetic 
Engineering , Setlow et al., eds., Vol. 8 (Plenum Publishing, 1986) , 
pp. 277-279; and Maeda et al., Nature , 315 :592-594 (1985)]. A 
variety of viral strains for transfection are publicly available, 
e.g., the L-l variant of Autographa californica NPV and the Bm-5 
strain of Bombyx mori NPV. 

Plant cell cultures of cotton, corn, potato, soybean, 
petunia, tomato, and tobacco can be utilized as hosts. Typically, 
plant cells are transfected by incubation with certain strains of 
the bacterium AgroJbacterium tumefaciens. During incubation of the 
plant cell culture with A. tuniefaciens, the DNA encoding the Apo-2 



can be transferred to the plant cell host such that it is 
transfected, and will, under appropriate conditions, express the 
Apo- 2 -encoding DNA. In addition, regulatory and signal sequences 
compatible with plant cells are available, such as the nopaline 
synthase promoter and polyadenylation signal sequences [Depicker et 
al./ J. Mol. AddI. Gen. , 1:561 (1982)]. In addition, DNA segments 
isolated from the upstream region of the T-DNA 780 gene are capable 
of activating or increasing transcription levels of plant - 
expressible genes in recombinant DNA-containing plant tissue [EP 
321,196 published 21 June 1989]. 

Propagation of vertebrate cells in culture (tissue 
culture) is also well known in the art [See, e.g., Tissue Culture , 
Academic Press, Kruse and Patterson, editors (1973)] . Examples of 
useful mammalian host cell lines are monkey kidney CV1 line 
transformed by SV40 (COS-7, ATCC CRL 1651); human embryonic kidney 
line (293 or 293 cells subcloned for growth in suspension culture, 
Graham et al., J. Gen Virol. . 36:59 (1977)); baby hamster kidney 
cells (BHK, ATCC CCL 10) ; Chinese hamster ovary cells/-DHFR (CHO, 
Urlaub and Chasin, Proc . Natl . Acad. Sci . USA , 77:4216 (1980)); 
mouse Sertoli cells (TM4, Mather, Biol. Reprod. . 21:243-251 
(1980)); monkey kidney cells (CV1 ATCC CCL 70); African green 
monkey kidney cells (VERO-76, ATCC CRL-1587) ; human cervical 
carcinoma cells (HELA, ATCC CCL 2) ; canine kidney cells (MDCK, ATCC 
CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human 
lung cells (W138, ATCC CCL 75) ; human liver cells (Hep G2, HB 
8065); mouse mammary tumor (MMT 060562, ATCC CCL51) ; TRI cells 
(Mather et al., Annals N.Y. Acad. Sci . . 383 :44-68 (1982) ) : MRC 5 
cells; and FS4 cells. 

Host cells are transfected and preferably transformed 
with the above -described expression or cloning vectors for Apo -2 
production and cultured in conventional nutrient media modified as 
appropriate for inducing promoters, selecting transformants, or 
amplifying the genes encoding the desired sequences. 

Transfection refers to the taking up of an expression 
vector by a host cell whether or not any coding sequences are in 



fact expressed. Numerous methods of transfection are known to the 
ordinarily skilled artisan, for example, CaP0 4 and electroporation . 
Successful transfection is generally recognized when any indication 
of the operation of this vector occurs within the host cell. 
5 Transformation means introducing DNA into an organism so 

that the DNA is replicable, either as an extrachromosomal element 
or by chromosomal integrant . Depending on the host cell used, 
transformation is done using standard techniques appropriate to 
such cells. The calcium treatment employing calcium chloride, as 

10 described in Sambrook et al., supra , or electroporation is 
generally used for prokaryotes or other cells that contain 
substantial cell-wall barriers. Infection with Agrobacteri um 
tumefaciens is used for transformation of certain plant cells, as 
described by Shaw et al., Gene, 23:315 (1983) and WO 89/05859 

15 published 29 June 1989. In addition, plants may be transfected 
using ultrasound treatment as described in WO 91/003 58 published 10 
January 1991. 

For mammalian cells without such cell walls, the calcium 
phosphate precipitation method of Graham and van der Eb, Virology , 

20 52.: 456-457 (1978) is preferred. General aspects of mammalian cell 
host system transformations have been described in U.S. Pat. No. 
4,399,216. Transformations into yeast are typically carried out 
according to the method of Van Solingen et al . , J. Bact . . 130:94 6 
(1977) and Hsiao et al., Proc. Natl. Acad. Sci. (USA) , 76:3829 

25 (1979). * However, other methods for introducing DNA into cells, 
such as by nuclear microinjection, electroporation, bacterial 
protoplast fusion with intact cells, or polycations, e.g., 
polybrene, polyorni thine, may also be used. For various techniques 
for transforming mammalian cells, see Keown et al. , Methods in 

30 Enzvmoloqv , 185 :527-537 (1990) and Mansour et al . , Nature , 236:348- 
352 (1988) . 

4. Culturina the Host Cells 

Prokaryotic cells used to produce Apo-2 may be cultured 
in suitable media as described generally in Sambrook et al., supra . 
35 The mammalian host cells used to produce Apo-2 may be 



cultured in a variety of media. Examples of commercially available 
media include Ham's F10 (Sigma), Minimal Essential Medium ("MEM", 
Sigma), RPMI-1640 (Sigma), and Dulbecco's Modified Eagle's Medium 
("DMEM", Sigma) . Any such media may be supplemented as necessary 
5 with hormones and/or other growth factors (such as insulin, 
transferrin, or epidermal growth factor), salts (such as sodium 
chloride, calcium, magnesium, and phosphate) , buffers (such as 
HEPES) , nucleosides (such as adenosine and thymidine), antibiotics 
(such as Gentamycin™ drug) , trace elements (defined as inorganic 

10 compounds usually present at final concentrations in the micromolar 
range), and glucose or an equivalent energy source- Any other 
necessary supplements may also be included at appropriate 
concentrations that would be known to those skilled in the art. 
The culture conditions, such as temperature, pH, and the like, are 

15 those previously used with the host cell selected for expression, 
and will be apparent to the ordinarily skilled artisan. 

In general, principles, protocols, and practical 
techniques for maximizing the productivity of mammalian cell 
cultures can be found in Mammalian Cell Biotechnology: a Practical 

20 Approach . M. Butler, ed. (IRL Press, 1991). 

The host cells referred to in this disclosure encompass 
cells in culture as well as cells that are within a host animal. 
5. Detecting Gene Amplification/Expression 
Gene amplification and/or expression may be measured in 

25 a. sample directly, for example, by conventional Southern blotting, 
Northern blotting to quantitate the transcription of mRNA [Thomas, 
Proc. Na tl. Acad. Sci. USA . 77:5201-5205 (1980)1, dot blntMng (DNA 
analysis) , or in situ hybridization, using an appropriately labeled 
probe, based on the sequences provided herein. Various labels may 

30 be employed/ most commonly radioisotopes, and particularly 32 P. 
However, other techniques may also be employed, such as using 
biotin-modif ied nucleotides for introduction into a polynucleotide. 
The biotin then serves as the site for binding to avidin or 
antibodies, which may be labeled with a wide variety of labels, 

35 such as radionucleotides, fluorescers or enzymes. Alternatively, 
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antibodies may be employed that can recognize specific duplexes, 
including DNA duplexes, RNA duplexes, and DNA-RNA hybrid duplexes 
or DNA-protein duplexes. The antibodies in turn may be labeled and 
the assay may be carried out where the duplex is bound to a 
5 surface, so that upon the formation of duplex on the surface, the 
presence of antibody bound to the duplex can be detected. 

Gene expression, alternatively, may be measured by 
immunological methods, such as immunohistochemical staining of 
cells or tissue sections and assay of cell culture or body fluids, 

10 to quantitate directly the expression of gene product. With 
immunohistochemical staining techniques, a cell sample is prepared, 
typically by dehydration and fixation, followed by reaction with 
labeled antibodies specific for the gene product coupled, where the 
labels are usually visually detectable, such as enzymatic labels, 

15 fluorescent labels, or luminescent labels. 

Antibodies useful for immunohistochemical staining and/or 
assay of sample fluids may be either monoclonal or polyclonal, and 
may be prepared in any mammal. Conveniently, the antibodies may be 
prepared against a native sequence Apo-2 polypeptide or against a 

20 synthetic peptide based on the DNA sequences provided herein or 
against exogenous sequence fused to Apo-2 DNA and encoding a 
specific antibody epitope. 

6. Purification of Apo-2 Polypeptide 

Forms of Apo-2 may be recovered from culture medium or 
25 from host cell lysates. If the Apo-2 is membrane -bound, it can be 
released from the membrane using a suitable detergent solution 
(e.g. Tri'ton-X 100) or its extracellular domain may be released by 
enzymatic cleavage. 

When Apo-2 is produced in a recombinant cell other than 
30 one of human origin, the Apo-2 is free of proteins or polypeptides 
of human origin. However, it may be desired to purify Apo-2 from 
recombinant cell proteins or polypeptides to obtain preparations 
that are substantially homogeneous as to Apo-2. As a first step, 
the culture medium or lysate may be centrifuged to remove 
35 particulate cell debris. Apo-2 thereafter is purified from 
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contaminant soluble proteins and polypeptides, with the following 
procedures being exemplary of suitable purification procedures : by 
fractionation on an ion-exchange column; ethanol precipitation; 
reverse phase HPLC; chromatography on silica or on a cation- 
5 exchange resin such as DEAE; chromatofocusing; SDS-PAGE; ammonium 
sulfate precipitation; gel filtration using, for example, Sephadex 
G-75; and protein A Sepharose columns to remove contaminants such 
as IgG. * 

Apo-2 variants in which residues have been deleted, 

10 inserted, or substituted can be recovered in the same fashion as 
native sequence Apo-2, taking account of changes in properties 
occasioned by the variation. For example, preparation of an Apo-2 
fusion with another protein or polypeptide, e.g., a bacterial or 
viral antigen, immunoglobulin sequence, or receptor sequence, may 

,15 facilitate purification; an immunoaf f inity column containing 
antibody to the sequence can be used to adsorb the fusion 
polypeptide. Other types of affinity matrices also can be used. 

A protease inhibitor such as phenyl methyl sulfonyl 
fluoride (PMSF) also may be useful to inhibit proteolytic 

20 degradation during purification, and antibiotics may be included to 
prevent the growth of adventitious contaminants. One skilled in 
the art will appreciate that purification methods suitable for 
native sequence Apo-2 may require modification to account for 
changes in the character of Apo-2 or its variants upon expression 

25 in recombinant cell culture. 

7. Covalent Modifications of Apo-2 Polypeptides 

Covalent modifications of Apo-2 are included within the 
scope of this invention. One type of covalent modification of the 
Apo-2 is introduced into the molecule by reacting targeted amino 

30 acid residues of the Apo-2 with an organic derivatizing agent that 
is capable of reacting with selected side chains or the N- or C- 
terminal residues of the Apo-2. 

Derivatization with bifunctional agents is useful for 
crosslinking Apo-2 to a water- insoluble support matrix or surface 

35 for use in the method for purifying ant i -Apo-2 antibodies, and 



vice-versa. Derivatization with one or more bifunctional agents 
will also be useful for crosslinking Apo-2 molecules to generate 
Apo-2 dimers. Such dimers may increase binding avidity and extend 
half -life of the molecule in vivo. Commonly used crosslinking 
5 agents include, e.g., 1, 1-bis (diazoacetyl) -2-phenylethane, 
glutaraldehyde, N-hydroxysuccinimide esters, for example, esters 
with 4-azidosalicylic acid, homobi functional imidoesters, including 
disuccinimidyl esters such as 3 , 3 ' -dithiobis (succinimidyl- 
propionate) , and bifunctional maleimides such as bis-N-maleimido- 

10 1,8-octane. Derivatizing agents such as methyl-3- [ (p-azidophenyl) - 
dithio] propioimidate yield photoactivatable intermediates that are 
capable of forming crosslinks in the presence of light* 
Alternatively, reactive water- insoluble matrices such as cyanogen 
bromide -activated carbohydrates and the reactive substrates 

15 described in U.S. Patent Nos. 3,969,287; 3,691,016; 4,195,128; 
4,247,642; 4,229,537; and 4,330,440 are employed for protein 
immobilization. 

Other modifications include deamidation of glutaminyl and 
asparaginyl residues to the corresponding glutamyl and aspartyl 

20 residues, respectively, hydroxylation of proline and lysine, 
phosphorylation of hydroxyl groups of seryl or threonyl residues , 
methylation of the a-amino groups of lysine, arginine, and 
histidine side chains [T.E. Creighton, Proteins: Structure and 
Molecular Properties , W.H. Freeman & Co., San Francisco, pp. 79-86 

25 (1983)] , acetylation of the N-terminal amine, and amidation of any 
C-terminal carboxyl group. The modified forms of the residues fall 
within the scope of the present invention. 

Another type of covalent modification of the Apo-2 
polypeptide included within the scope of this invention comprises 

30 altering the native glycosylation pattern of the polypeptide. 
"Altering the native glycosylation pattern" is intended for 
purposes herein to mean deleting one or more carbohydrate moieties 
found in native sequence Apo-2, and/or adding one or more 
glycosylation sites that are not present in the native sequence 

35 Apo-2. 



Glycosylation of polypeptides is typically either N- 
linked or 0- linked. N- linked refers to the attachment of the 
carbohydrate moiety to the side chain of an asparagine residue. 
The tripeptide sequences asparagine -X- serine and asparagine -X- 
5 threonine, where X is any amino acid except proline, are the 
recognition sequences for enzymatic attachment of the carbohydrate 
moiety to the asparagine side chain. Thus, the presence of either 
of these tripeptide sequences in a polypeptide creates a potential 
glycosylation site, 0-linked glycosylation refers to the 

10 attachment of one of the sugars N-aceylgalactosamine, galactose, or 
xylose to a hydroxylamino acid> most commonly serine or threonine, 
although 5-hydroxyproline or 5 -hydroxy lysine may also be used. 

Addition of glycosylation sites to the Apo-2 polypeptide 
may be accomplished by altering the amino acid sequence such that 

15 it contains one or more of the above -described tripeptide sequences 
(for N-linked glycosylation sites) . * The alteration may also be 
made by the addition of, or substitution by, one or more serine or 
threonine residues to the native sequence Apo-2 (for O-linked 
glycosylation sites) . The Apo-2 amino acid sequence may optionally 

20 be altered through changes at the DNA level, particularly by 
mutating the DNA encoding the Apo-2 polypeptide at preselected 
bases such that codons are generated that will translate into the 
desired amino acids. The DNA mutation Is) may be made using methods 
described above and in U.S. Pat. No. 5,364,934, supra . 

25 Another means of increasing the number of carbohydrate 

moieties on the Apo-2 polypeptide is by chemical or enzymatic 
coupling of glycosides to the polypeptide. Depending on the 
coupling mode used, the sugar (s) may be attached to (a) arginine 
and histidine, (b) free carboxyl groups, (c) free sulfhydryl groups 

3 0 such as those of cysteine, (d) free hydroxyl groups such as those 
of . serine, threonine, or hydroxyproline, (e) aromatic residues such 
as those of phenylalanine, tyrosine, or tryptophan, or (f) the 
amide group of glutamine. These methods are described in WO 
87/05330 published 11 September 1987, and in Aplin and Wriston, CRC 

35 Crit . Rev. Biochem. . pp. 259-306 (1981). 



Removal of carbohydrate moieties present on the Apo-2 
polypeptide may be accomplished chemically or enzymatically or by 
mutational substitution of codons encoding for amino acid residues 
that serve as targets for glycosylation. For instance, chemical 
deglycosylation by exposing the polypeptide to the compound 
trif luoromethanesulfonic acid, or an equivalent compound can result 
in the cleavage of most or all sugars except the linking sugar (N- 
acetylglucosamine or N-acetylgalactosamine) , while leaving the 
polypeptide intact. Chemical deglycosylation is described by 
Hakimuddin, et al., Arch. Biochem. Biophvs. , 259 :52 (1987) and by 
Edge et al., Anal . Biochem. , 118:131 (1981) . Enzymatic cleavage of 
carbohydrate moieties on polypeptides can be achieved by the use of 
a variety of endo- and exo-glycosidases as described by Thotakura 
et al., Meth. Enzvmol. -. 138:350 (1987). 

Glycosylation at potential glycosylation sites may be 
prevented by. the use of the compound .tunicamycin as described by 
Duskin et al., J. Biol . Chem. , 257 :3105 (1982) . Tunicamycin blocks 
the formation of protein-N-glycoside linkages. 

Another type of covalent modification of Apo-2 comprises 
linking the Apo-2 polypeptide to one of a variety of 
nonproteinaceous polymers, e.g. , polyethylene glycol , polypropylene 
glycol, or polyoxyalkylenes, in the manner set forth in U.S. Patent 
Nos. 4,640,835; 4,496,689; 4,301,144; 4,670,417; 4,791,192 or 
4,179,337. 

8. Apo-2 Chimeras 

The present invention also provides chimeric molecules 
comprising Apo-2 fused to another, heterologous polypeptide or 
amino acid sequence. 

In one embodiment, the chimeric molecule comprises a 
fusion of the Apo-2 with a tag polypeptide which provides an 
epitope to which an anti-tag antibody can selectively bind. The 
epitope tag is generally placed at the amino- or carboxyl- terminus 
of the Apo-2. The presence of such epitope- tagged forms of the 
Apo-2 can be detected using an antibody against the tag 
polypeptide. Also, provision of the epitope tag enables the Apo-2 
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to be readily purified by affinity purification using an anti-tag 
antibody or another type of affinity matrix that binds to the 
epitope tag. 

Various tag polypeptides and their respective antibodies 
are well known in the art. Examples include the flu HA tag 
polypeptide and its antibody 12CA5 [Field et al . , Mol. Cell. Biol. , 
1:2159-2165 (1988)]; the c-myc tag and the 8F9, 3C7, 6E10, G4, B7 
and 9E10 antibodies thereto [Evan et al.. Molecular and Cellular 
Biology , 5:3610-3616 (1985)]; and the Herpes Simplex virus 
glycoprotein D (gD) tag and its antibody [Paborsky et al.. Protein 
Engineering , 3(6) :547-553 (1990)] . Other tag polypeptides include 
the Flag-peptide [Hopp et al,, BioTechnolocrv . 6:1204-1210 (1988)] ; 
the KT3 epitope peptide [Martin et al., Science , 255 :192-194 
(1992)],* an a-tubulin epitope peptide [Skinner et al., J. Biol. 
Chem . , 266:15163-15166 (1991)]; and the T7 gene 10 protein peptide 
tag [Lutz-Freyermuth et al., Proc. Natl. Acad. Sci. USA , a7:6.393- 
6397 (1990)]. Once the tag polypeptide has been selected, an 
antibody thereto can be generated using the techniques disclosed 
herein. 

Generally, epitope- tagged Apo-2 may be constructed and 
produced according to the methods described above. Epitope -tagged 
Apo-2 is also described in the Examples below. Apo-2 -tag 
polypeptide fusions are preferably constructed by fusing the cDNA 
sequence encoding the Apo-2 portion in- frame to the tag polypeptide 
DNA sequence and expressing the resultant DNA fusion construct in 
appropriate host cells. Ordinarily, when preparing the Apo-2-tag 
polypeptide chimeras of the present invention, nucleic acid 
encoding the Apo-2 will be fused at its 3' end to nucleic acid 
encoding the N- terminus of the tag polypeptide, however 5' fusions 
are also possible. For example, a polyhistidine sequence of about 
5 to about 10 histidine residues may be fused at the N- terminus or 
the C- terminus and used as a purification handle in affinity 
chromatography. 

Epitope -tagged Apo-2 can be purified by affinity 
chromatography using the anti-tag antibody. The matrix to which 



the affinity antibody is attached may include, for instance, 
agarose, controlled pore glass or poly (styreriedi vinyl) benzene, .The 
epitope -tagged Apo-2 can then be eluted from the affinity column 
using techniques known in the art. 

In another embodiment, the chimeric molecule comprises an 
Apo-2 polypeptide fused to an immunoglobulin sequence. The 
chimeric molecule: may also comprise a particular domain sequence of 
Apo-2, such as the extracellular domain sequence of native Apo-2 
fused to an immunoglobulin sequence. This includes chimeras in 
monomeric, homo- or heteromultimeric, and particularly homo- or 
heterodimeric, or -tetrameric forms; optionally, the chimeras may 
be in dimeric forms or homodimeric heavy chain forms. Generally, 
these assembled immunoglobulins will have known unit structures as 
represented by the following diagrams. 
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A basic four chain structural unit is the form in which 
IgG, IgD, and IgE exist. A four chain unit is repeated in the 

40 higher molecular weight immunoglobulins; IgM generally exists as a 
pentamer of basic four-chain units held together by disulfide 
bonds. IgA globulin, and occasionally IgG globulin, may also exist 
in a multimeric form in serum. In the case of multimers, each four 
chain unit may be the same or different. 

45 The following diagrams depict some exemplary monomer, 

homo- and heterodimer and homo- and he teromul timer structures. 
These diagrams are merely illustrative, and the chains of the 
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multimers are believed to be disulfide bonded in the same fashion 
as native immunoglobulins. 
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In the foregoing diagrams, "A" means ah Apo- 2 sequence or 
an Apo -2 sequence fused to a heterologous sequence; X is ah 
50 additional agent, which may be the same as A or different, a 
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portion of an immunoglobulin superfamily member such as a variable 
region or a variable region-like domain, including a native or 
chimeric immunoglobulin variable region, a toxin such a pseudomonas 
exotoxin or ricin, or a sequence functionally binding to another 
protein, such as other cytokines (i.e., IL-1, interferon-?) or cell 
surface molecules (i.e., NGFR, CD40, 0X40, Fas antigen, T2 proteins 
of Shope and myxoma poxviruses) , or a polypeptide therapeutic agent 
not otherwise normally associated with a constant domain;. Y is a 
linker or another receptor sequence; and V L , V H , C L .and C H represent 
light or heavy chain variable or constant domains of an 
immunoglobulin. Structures comprising at least one CRD of an Apo-2 
sequence as "A" and another cell -surf ace protein having a 
repetitive pattern of CRDs (such as TNFR) as "X" are specifically 
included. 

It will be understood that the above diagrams are merely 
exemplary of the possible structures o£ the chimeras of the present 
invention, and do not encompass all possibilities. For example, 
there might desirably be several different "A ,f s, "X"s, or "Y"s in 
any of these constructs. Also, the heavy or light chain constant 
domains may be originated from the same or different 
immunoglobulins. All possible permutations of the illustrated and 
similar structures are all within the scope of the invention 
herein. 

In general, the chimeric molecules can be constructed in 
a fashion similar to chimeric antibodies in which a variable domain 
from an antibody of one species is substituted for the variable 
domain of another species. See, for example, EP 0 125 023; EP 
173,494; Munro, Nature, 312:597 (13 December 1984) ; Neuberger et 
al., Nature, 312:604-608 (13 December 1984); Sharon et al., Nature, 
309:364-367 (24 May 1984); Morrison et al., Proc. Nat'l. Acad. Sci. 
USA , 81:6851-6855 (1984) : Morrison et al . , Science . 229:1202-1207 
(1985); Boulianne et al., Nature , 312 : 643-646 (13 December 1984); 
Capon et al., Nature, 337 : 525-531 (1989); Traunecker et al., 
Nature, 339:68-70 (1989). 

Alternatively, the chimeric molecules may be constructed 



as follows . The DNA including a region encoding the desired 
sequence, such as an Apo-2 and/or TNFR sequence, is cleaved by a 
restriction enzyme at or proximal to the 3' end of the DNA encoding 
the immunoglobulin- like domain (s) and at a point at or near the DNA 
5 encoding the N-terminal end of the Apo-2 or TNFR polypeptide (where 
use of a different leader is contemplated) or at or proximal to the 
N-terminal coding region for TNFR (where the native signal is 
employed). This DNA fragment then is readily inserted proximal to 
DNA encoding an immunoglobulin light or heavy chain constant region 

10 and, if necessary, the resulting construct tailored by deletional 
mutagenesis. Preferably, the Ig is a human immunoglobulin when the 
chimeric molecule is intended for in vivo therapy for humans. DNA 
encoding immunoglobulin light or heavy chain constant regions is 
known or readily available from cDNA libraries or is synthesized. 

15 See for example, Adams et al., Biochemistry , 11:2711-2719 (1980); 
Gough et al., Biochemistry , 12:2702-2710 (1980); Dolby et al., 
Proc. Natl. Acad. Sci.. USA . 77:6027-6031 (1980); Rice et al., 
Proc. Natl. Acad. Sci. , 79:7862-7865 (1982); Falkner et al . , 
Nature . 291:286-288 (1982); and Morrison et al., Ann . Rev . 

20 Immunol . . 2:239-256 (1984). 

Further details of how to prepare such fusions are found 
in publications concerning the preparation of immunoadhesins . 
Immunoadhesins in general, and CD4-Ig fusion molecules specifically 
are disclosed in WO 89/02922, published 6 April 1989) . Molecules 

25 comprising the extracellular portion of CD4, the receptor for human 
immunodeficiency virus (HIV) , linked to IgG heavy chain constant 
region are known in the art and have been found to have a markedly 
longer half -life and lower clearance than the soluble extracellular 
portion of CD4 [Capon et al., supra ; Byrn et al., Nature , 344 : 667 

30 (1990)3 . The construction of specific chimeric TNFR- IgG molecules 
is also described in Ashkenazi et al. Proc. Natl. Acad. Sci. , 
88:10535-10539 (1991); Lesslauer et al. f J. Cell. Biochem. 
Supplement 15F . 1991, p. 115 (P 432)]; and Peppel and Beutler, J. 
Cell. Biochem. Supplement 15F , 1991, p. 118 (P 439)] . 

35 
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B. Therapeutic and Non- therapeutic Uses for Apo-2 

Apo-2, as disclosed in the present specification, can be 
employed therapeutically to induce apoptosis in mammalian cells. 
This therapy can be accomplished for instance, using in vivo or ex 
5 vivo gene therapy techniques and includes the use of the death 
domain sequences disclosed herein. The Apo-2 chimeric molecules 
(including the chimeric molecules containing the extracellular 
domain sequence of Apo-2) comprising immunoglobulin sequences can 
also be employed therapeutically to inhibit apoptosis or NF-*B 
10 induction by Apo-2L or by another ligand that Apo-2 binds to. 

The Apo-2 of the invention also has utility in non- 
therapeutic applications. Nucleic acid sequences encoding the Apo- 
2 may be used as a diagnostic for tissue-specific typing. For 
example, procedures like in situ hybridization, Northern and 
15 Southern blotting, and PCR analysis may be used to determine 
whether DNA and/or RNA encoding Apo-2 is present in the cell 
type(s) being evaluated. Apo-2 nucleic acid will also be useful 
for the preparation of Apo-2 by the recombinant techniques 
described herein. 

20 The isolated Apo-2 may be used in quantitative diagnostic 

assays as a control against which samples containing unknown 
quantities of Apo-2 may be prepared. Apo-2 preparations are also 
useful in generating antibodies, as standards in assays for Apo-2 
(e.g., by labeling Apo-2 for use as a standard in a 

25 radioimmunoassay, radioreceptor assay, or enzyme -linked 
immunoassay), in affinity purification techniques, and in 
competitive -type receptor binding assays when labeled with, for 
instance, radioiodine, enzymes, or f luorophores . 

Modified forms of the Apo-2, such as the Apo-2-IgG 

3 0 chimeric molecules (immunoadhesins) described above, can be used as 
immunogens in producing anti-Apo-2 antibodies. 

Nucleic acids which encode Apo-2 or its modified forms 
can also be used to generate either transgenic animals or "knock 
out" animals which, in turn, are useful in the development and 

35 screening of therapeutically useful reagents. A transgenic animal 



(e.g., a mouse or rat) is an animal having cells that contain a 
transgene, which transgene was introduced into the animal or an 
ancestor of the animal at a prenatal, e.g., an embryonic stage. A 
transgene is a DNA which is integrated into the genome of a cell 
5 from which a transgenic animal develops. In one embodiment, cDNA 
encoding Apo-2 or an appropriate sequence thereof (such as Apo-2 - 
IgG) can be used to clone genomic DNA encoding Apo-2 in accordance 
with established techniques and the genomic sequences used to 
generate transgenic animals that contain cells which express DNA 

10 encoding Apo-2. Methods for generating transgenic animals, 
particularly animals such as mice or rats, have become conventional 
in the art and are described, for example, in U.S. Patent Nos . 
4,736,866 and 4,870,009. Typically, particular cells would be 
targeted for Apo-2 transgene incorporation with tissue-specific 

15 enhancers. Transgenic animals that include a copy of a transgene 
encoding Apo-2 introduced into the germ line of the animal at an 
embryonic stage can be used to examine the effect of increased 
expression of DNA encoding Apo-2. Such animals can be used as 
tester animals for reagents thought to confer protection from, for 

20 example, pathological conditions associated with excessive 
apoptosis. In accordance with this facet of the invention, an 
animal is treated with the reagent and a reduced incidence of the 
pathological condition, compared to untreated animals bearing the 
transgene, would indicate a potential therapeutic intervention for 

25 the pathological condition. In another embodiment, transgenic 
animals that carry a soluble form of Apo^2 such as the Apo-2 ECD or 
an immunoglobulin chimera of such form could be constructed to test 
the effect of chronic neutralization of Apo-2L, a ligand of Apo-2. 

Alternatively, non-human homologues of Apo-2 can be used 

30 to construct an Apo-2 ^ knock out" animal which has a defective or 
altered gene encoding Apo-2 as a result of homologous recombination 
between the endogenous gene encoding Apo-2 and altered genomic DNA 
encoding Apo-2 introduced into ain embryonic cell of the animal. 
For example, cDNA encoding Apo-2 can be used to clone genomic DNA 

35 encoding Apo-2 in accordance with established techniques. A 
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portion of the genomic DNA encoding Apo-2 can be deleted or 
replaced with. another gene, such as a gene encoding a selectable 
marker which can be used to monitor integration. Typically, 
several kilobases of unaltered flanking DNA (both at the 5' and 3' 
5 ends) are included in the vector [see e.g., Thomas and Capecchi, 
Cell , 11:503 (1987) for a description of homologous recombination 
vectors] . The vector is introduced into an embryonic stem cell 
line (e.g., by electroporation) and cells in which the introduced 
DNA has homologously recombined with the endogenous DNA are 

10 selected [see e.g., Li et al., Cell . 69:915 (1992)]. The selected 
cells c^re then injected into a blastocyst of an animal (e.g., a 
mouse or rat) to form aggregation chimeras [see e.g., Bradley, in 
Teratocarcinomas and Embryonic Stem Cells: A Practical Approach, E. 
J. Robertson, ed. (IRL, Oxford, 1987) , pp. 113-152]. A chimeric 

15 embryo can then be implanted into a suitable pseudopregnant female 
foster animal and the embryo brought ( to term to create a "knock 
out" animal. Progeny harboring the homologously recombined DNA in 
their germ cells can be identified by standard techniques and used 
to breed animals in which all cells of the animal contain the 

20 homologously recombined DNA. Knockout animals can be characterized 
for instance, for their ability to defend against certain 
pathological conditions and for their development of pathological 
conditions due to absence of the Apo-2 polypeptide, including for 
example, development of tumors. 

25 C. Ant i -Apo-2 Antibody Preparation 

The present invention further provides anti-Apo-2 
antibodies. Antibodies against Apo-2 may be prepared as follows. 
Exemplary antibodies include polyclonal, monoclonal, humanized, 
bispecific, and he terocon jugate antibodies. 

30 1. Polyclonal Antibodies 

The Apo-2 antibodies may comprise polyclonal antibodies. 
Methods of preparing polyclonal antibodies are known to the skilled 
artisan. Polyclonal antibodies can be raised in a mammal, for 
example, by one or more injections of an immunizing agent and, if 

35 desired, an adjuvant. Typically, the immunizing agent and/or 



adjuvant will be injected in the mammal by multiple subcutaneous or 
intraperitoneal injections. The immunizing agent may include the 
Apo-2 polypeptide or a fusion protein thereof. An example of a 
suitable immunizing agent is a Apo-2-IgG fusion protein or chimeric 
5 molecule (including an Apo-2 ECD-IgG fusion protein) . Cells 
expressing Apo-2 at their surface may also be employed. It may be 
useful to conjugate the immunizing agent to a protein known to be 
immunogenic in the mammal being immunized. Examples of such 
immunogenic proteins which may be employed include but are not 

10 limited to keyhole limpet hemocyanin, serum albumin, bovine 
thyroglobulin, and soybean trypsin inhibitor. An aggregating agent 
such as alum may also be employed to enhance the mammal's immune 
response. Examples of adjuvant 3 which may be employed include 
Freund's complete adjuvant and MPL-TDM adjuvant (monophosphoryl 

.15 Lipid A, synthetic trehalose dicorynomycolate) . The immunization 
protocol may be selected by one skilled in the art without undue 
experimentation. The mammal can then be bled, and the serum 
assayed for antibody titer. If desired, the mammal can be boosted 
until the antibody titer increases or plateaus. 

20 2. Monoclonal Antibodies 

The Apo-2 antibodies may, alternatively, be monoclonal 
antibodies. Monoclonal antibodies may be prepared using hybridoma 
methods, such as those described by Kohler and Milstein, supra . In 
a hybridoma method, a mouse, hamster, or other appropriate host 

25 animal, is typically immunized (such as described above) with an 
immunizing agent to elicit lymphocytes that produce or are capable 
of producing antibodies that will specifically bind to the 
immunizing agent. Alternatively, the lymphocytes may be immunized 
in vitro. 

30 The immunizing agent will typically include the Apo-2 

polypeptide or a fusion protein thereof . An example of a suitable 
immunizing agent is a Apo-2 ; -IgG fusion protein or chimeric 
molecule. Cells expressing Apo-2 at - their surface may also be 
employed. Generally, either peripheral blood lymphocytes ("PBLs") 

35 are used if cells of human origin are desired, or spleen cells or 



lymph node cells are used if non-human mammalian sources are 
desired. The lymphocytes are then fused with an immortalized cell 
line using a suitable fusing agent/ such as polyethylene glycol, to 
form a hybridoma cell (Goding, Monoclonal Antibodies: Principles 
and Practice . Academic Press, (1986) pp. 59-103] . Immortalized 
cell lines are usually transformed mammalian cells, particularly 
myeloma cells of rodent, bovine and human origin. Usually, rat or 
mouse myeloma cell lines are employed. The hybridoma cells may be 
cultured in a suitable culture medium that preferably contains one 
or more substances that inhibit the growth or survival of the 
unfused, immortalized cells. For example, if the parental cells 
lack the enzyme hypoxanthine guanine phosphoribosyl transferase 
(HGPRT or HPRT) , the culture medium for the hybridomas typically 
will include hypoxanthine, aminopterin, and thymidine ("HAT 
medium"), which substances prevent the growth of HGPRT -deficient 
cells. 

Preferred immortalized cell lines are those that fuse 
efficiently, support stable high level expression of antibody by 
the selected antibody-producing cells, and are sensitive to a 
medium such as HAT medium. More preferred immortalized cell lines 
are murine myeloma lines, which can be obtained, for instance, from 
the Salk Institute Cell Distribution Center, San Diego, California 
and the American Type Culture Collection, Rockville, Maryland. 
Human myeloma and mouse- human heteromyeloma cell lines also have 
been described for the production of human monoclonal antibodies 
[Kozbor, J. Immunol . , 131:3001 (1984); Brodeur et al . , Monoclonal 
Antibody Production Techniques and Applications , Marcel Dekker, 
Inc., New York, (1987) pp. 51-63]. 

The culture medium in which the hybridoma cells are 
cultured can then be assayed for the presence of monoclonal 
antibodies directed against Apo-2. Preferably, the binding 
specificity of monoclonal antibodies produced by the hybridoma 
cells is determined by immunoprecipitation or by an in vitro 
binding assay, such as radioimmunoassay (RIA) or enzyme-linked 
immunoabsorbent assay (ELISA) . Such techniques and assays are 



known in the art. The binding affinity of the monoclonal antibody 
can, for example, be determined by the Scatchard analysis of Munson 
and Pollard, Anal. Biochem. . 102:220 (1980). 

After the desired hybridoma cells are identified, the 
clones may be subcloned by limiting dilution procedures and grown 
by standard methods [Goding, supra ] . Suitable culture media for 
this purpose include, for example, Dulbecco's Modified Eagle's 
Medium and RPMI-1640 medium. Alternatively, the hybridoma cells 
may be grown in vivo as ascites in a mammal. 

The monoclonal antibodies secreted by the subclones may 
be isolated or purified from the culture medium or ascites fluid by 
conventional immunoglobulin purification procedures such as, for 
example, protein A-Sepharose, hydroxylapatite chromatography, gel 
electrophoresis, dialysis, or affinity chromatography. 

The monoclonal antibodies may also be made by recombinant 
DNA methods, such as those described in U.S. Patent No. 4,816,567. 
DNA encoding the monoclonal antibodies of the invention can be 
readily isolated and sequenced using conventional procedures (e.g., 
by using oligonucleotide probes that are capable of binding 
specifically to genes encoding the heavy and light chains of murine 
antibodies) . The hybridoma cells of the invention serve as a 
preferred source of such DNA. Once isolated, the DNA may be placed 
into expression vectors, which are then transfected into host cells 
such as simian COS cells, Chinese hamster ovary (CHO) cells, or 
myeloma cells that do not otherwise produce immunoglobulin protein, 
to obtain the synthesis of monoclonal antibodies in the recombinant 
host cells. The DNA also may be modified, for example, by 
substituting the coding sequence for human heavy and light chain 
constant domains in place of the homologous murine sequences [U.S. 
Patent No. 4,816,567; Morrison et al. , supra 1 or by covalently 
joining to the immunoglobulin coding sequence all or part of the 
coding sequence for a non- immunoglobulin polypeptide. Such a non- 
immunoglobulin polypeptide can be substituted for the constant 
domains of an antibody of the invention, or can be substituted for 
the variable domains of one antigen-combining site of an antibody 



of the invention to create a chimeric bivalent antibody. 

The antibodies may be monovalent antibodies. Methods for 
preparing monovalent antibodies are well known in the art. For 
example, one method involves recombinant expression of 
5 immunoglobulin light chain and modified heavy chain. The heavy 
chain is truncated generally at any point in the Fc region so as to 
prevent heavy chain crosslinking. Alternatively, the relevant 
cysteine residues are substituted with another amino acid residue 
or are deleted so as to prevent crosslinking. 

10 In vitro methods are also suitable for preparing 

monovalent antibodies. Digestion of antibodies to produce 
fragments thereof, particularly, Fab fragments, can be accomplished 
using routine techniques known in the art. For instance, digestion 
can be performed using papain. Examples of papain digestion are 

15 described in WO 94/29348 published 12/22/94 and U.S. Patent No. 
4,342,566. Papain digestion of antibodies typically produces* two 
identical antigen binding fragments, called Fab fragments, each 
with a single antigen binding site, and a residual Fc fragment. 
Pepsin treatment yields an F (ab' ) 2 fragment that has two antigen 

20 combining sites and is still capable of cross-linking antigen. 

The Fab fragments produced in the antibody digestion also 
contain the constant domains of the light chain and the first 
constant domain (CHJ of the heavy chain. Fab' fragments differ 
from Fab fragments by the addition of a few residues at the carboxy 

25 terminus of the heavy chain CR X domain including one or more 
cysteines from the antibody hinge region. Fab' -SH is the! 
designation herein for Fab' in which the cysteine residue (s) of the 
constant domains bear a free thiol group. F(ab') 2 antibody 
fragments originally were produced as pairs of Fab' fragments which 

30 have hinge cysteines between them. Other chemical couplings of 
antibody fragments are also known. 

3 . Humanized Antibodies 

The Apo-2 antibodies of the invention may further 
comprise humanized antibodies or human antibodies- Humanized forms 
35, of non-human (e.g., murine) antibodies are chimeric 



immunoglobulins, immunoglobulin chains or fragments thereof (such 
as Fv, Fab, Fab', F(ab') 2 or other antigen-binding subsequences of 
antibodies) which contain minimal sequence derived from non-human 
immunoglobulin. Humanized antibodies include human immunoglobulins 
5 (recipient antibody) in which residues from a complementary 
determining region (CDR) of the recipient are replaced by residues 
from a CDR of a non-human species (donor antibody) such as mouse, 
rat or rabbit having the desired specificity, affinity and 
capacity. In some instances, Fv framework residues of the human 

10 immunoglobulin are replaced by corresponding non-human residues. 
Humanized antibodies may also comprise residues which are found 
neither in the recipient antibody nor in the imported CDR or 
framework sequences. In general, the humanized antibody will 
comprise substantially all of at least one, and typically two, 

15 variable domains, in which all or substantially all of the CDR 
regions correspond to those of a non-human immunoglobulin and all 
:or substantially all of the FR regions are those of a human 
immunoglobulin consensus sequence. The humanized antibody 
optimally also will comprise at least a portion of an 

20 immunoglobulin constant region (Fc) , typically that of a human 
immunoglobulin [Jones et al.. Nature , 321 : 522-525 (1986); Reichmann 
et al., Nature , 332 :323-329 (1988); and Presta, Curr. Op. Struct. 
Biol. , 2:593-596 (1992)]. 

Methods for humanizing non-human antibodies are well 

25 known: in the art. Generally, a humanized antibody has one or more 
amino acid residues introduced into it from a source which is non- 
human. These non-human amino acid residues are often referred to 
. as "import" residues, which are typically taken from an "import" 
variable domain. Humanization can be essentially performed 

30 following the method of Winter and co-workers [Jones et al . , 
Nature , 121:522-525 (1986) ; Riechmann et al., Nature , 332:323-327 
(1988); Verhoeyeh et al., Science , 239:1534-1536 (1988)], by 
substituting rodent CDRs , or CDR sequences for the corresponding 
sequences of a human antibody. Accordingly, such "humanized" 

35 antibodies are chimeric antibodies (U.S. Patent No. 4,816,567), 
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wherein substantially less than an intact human variable domain has 
been substituted by the corresponding sequence from a non- human 
species. In practice, humanized antibodies are typically human 
antibodies .in which some CDR residues and possibly some FR residues 
5 are substituted by residues from analogous sites in rodent 
antibodies. 

The choice of human variable domains/ both light and 
heavy, to be used in making the humanized antibodies is very 
important in order to reduce antigenicity. According to the M best- 

10 fit" method, the sequence of the variable domain of a rodent 
antibody is screened against the entire library of known human 
variable domain sequences. The human sequence which is closest to 
that of the rodent is then accepted as the human framework (FR) for 
the humanized antibody [Sims et al . .- J. Immunol . , 151:2296 (1993); 

15 Chothia and Lesk, J. Mol. Biol. , 196:901 (1987)]. Another method 
uses a particular framework derived from the consensus sequence of 
all human antibodies of a particular subgroup of light or heavy 
chains. The same framework may be used for several different 
humanized antibodies [Carter et al., Proc. Natl. Acad. Sci. USA , 

20 89:4285 (1992); Presta et al . , J. Immunol. , 151 :2623 (1993)]. 

It is further important that antibodies be humanized with 
retention of high affinity for the antigen and other favorable 
biological properties. To achieve this goal, according to a 
preferred method, humanized antibodies are prepared by a process of 

25 analysis of the parental sequences and various conceptual humanized 
products using three dimensional models of the parental and 
humanized sequences. Three dimensional immunoglobulin models are 
commonly available and are familiar to those skilled in the art. 
Computer programs are available which illustrate and display 

30 probable three-dimensional conformational structures of selected 
candidate immunoglobulin sequences. Inspection of these displays 
permits analysis of the likely role of the residues in the 
functioning of the candidate immunoglobulin sequence, i.e., the 
analysis of residues that influence the ability of the candidate 

35 immunoglobulin to bind its antigen. In this way, FR residues can 
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be selected and combined from the consensus and import sequence so 
that the desired, antibody characteristic, such as increased 
affinity for the target antigen(s), is achieved. In general, the 
CDR residues are directly and most substantially involved in 
5 influencing antigen binding [see, WO 94/04679 published 3 March 
1994] . 

Transgenic animals (e.g., mice) that are capable, upon 
immunization, of producing a full repertoire of human antibodies in 
the absence of endogenous immunoglobulin production can be 

10 employed. For example, it has been described that the homozygous 
deletion of the antibody heavy chain joining region (J H ) gene in 
chimeric and germ-line mutant mice results in complete inhibition 
of endogenous antibody production. Transfer of the human germ- line 
immunoglobulin gene array in such germ- line mutant mice will result 

15 in the production of human antibodies upon antigen challenge [see, 
e.g., Jakobovits et al., Proc. Natl. Acad. Sci. USA . 90 : 2551-255 
(1993); Jakobovits et al., Nature , 362:255-258 (1993); Bruggermann 
et al. , Year in Immuno. , 2:33 (1993.)]. Human antibodies can also 
be produced in phage display libraries [Hoogenboom and Winter, 

20 Mol. Biol. , 227 :381 (1991); Marks et al . , J. Mol. Biol . , 222 :581 
(1991)] . The techniques of Cote et al. and Boerner et al. are also 
available for the preparation of human monoclonal antibodies (Cote 
et al., Monoclonal Antibodies and Cancer Therapy , Alan R. Liss, p. 
77 (1985) and Boerner et al., J. Immunol. , 147(1) :86-95 (1991)] . 

25 4 . Bispecific Antibodies 

Bispecific antibodies are monoclonal, preferably human or 
humanized, antibodies that have binding specificities for at least 
two different antigens. In the present case, one of the binding 
specificities is for the Apo-2, the other one is for any other 

30 antigen, and preferably for a cell-surface protein or receptor or 
receptor subunit . 

Methods for making bispecific antibodies are known in the 
art. Traditionally, the recombinant production of bispecific 
antibodies is based on the co-expression of two immunoglobulin 

35 heavy-chain/light -chain pairs, where the two heavy chains have 
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different specificities [Millstein and Cue llo, Nature, 305 : 537-539 
(1983)] . Because of the random assortment of immunoglobulin heavy 
and light chains, these hybridomas (quadromas) produce a potential 
mixture of ten different antibody molecules, of which only one has 
5 the correct bispecific structure. The purification of the correct 
molecule is usually accomplished by affinity chromatography steps. 
Similar procedures are disclosed in WO 93/08829, published 13 May 
1993, and in Traunecker et al., EMBO J . , 10:3655-3659 (1991). 

According to a different and more preferred approach, 

10 antibody variable domains with the desired binding specificities 
(antibody- antigen combining sites) are fused to immunoglobulin 
constant domain sequences. The fusion preferably is with an 
immunoglobulin heavy-chain constant domain, comprising at least 
part of the hinge, CH2 , and CH3 regions. It is preferred to have 

15 the first heavy-chain constant region (CHI) containing the site 
necessary for light-chain binding present in at least one of the 
fusions. DNAs encoding the immunoglobulin heavy-chain fusions and, 
if desired, the immunoglobulin light chain, are inserted into 
separate expression vectors, and are co-transf ected into a suitable 

20 host organism. This provides for great flexibility in adjusting 
the mutual proportions of the three polypeptide fragments in 
embodiments when unequal ratios of the three polypeptide chains 
used in the construction provide the optimum yields. It is, 
however, possible to insert the coding sequences for two or all 

25 three polypeptide chains in one expression vector when the 
expression of at least two polypeptide chains in equal ratios 
results in high yields or when the ratios are of no particular 
significance. In a preferred embodiment of this approach, the 
bispecific antibodies are composed of a hybrid immunoglobulin heavy 

3 0 chain with a first binding specificity in one arm, and a hybrid 
immunoglobulin heavy- chain/ light -chain pair (providing, a second 
binding specificity) in the other arm. It was found that this 
asymmetric structure facilitates the separation of the desired 
bispecific compound from unwanted immunoglobulin chain 

35 combinations, as the presence of an immunoglobulin light chain in 



only one half of the bispecific molecule provides for a facile way 
of separation. This approach is disclosed in WO 94/04690 published 
3 March 1994, For further details of generating bispecific 
antibodies see, for example, Suresh et al., Methods in Enzvmoloqy, 
5 121:210 (1986) . 

5 . Heteroconiuaate Antibodies 

He terocon jugate antibodies are also within the scope of 
the present invention. Heterocon jugate antibodies are composed of 
two covalently joined antibodies. Such antibodies have, for 

10 example, been proposed to target immune system cells to unwanted 
cells [US Patent No. 4,676,980], and for treatment of HIV infection 
[WO 91/00360; WO 92/200373; EP 03089] . It is contemplated that the 
antibodies may be prepared in vitro using known methods in 
synthetic protein chemistry, including those involving crosslinking 

15 agents. For example, immunotoxins may be constructed using a 
disulfide exchange reaction or by forming a thioether bond. 
. Examples of suitable reagents for this purpose include 
iminothiolate and methyl -4 -mercaptobutyrimi date and those 
disclosed, for example, in U.S. Pat. No. 4,676,980. 

20 D. Therapeutic and Non-therapeutic Uses for Apo-2 Antibodies 

The Apo-2 antibodies of the invention have therapeutic 
utility. Agonistic Apo-2 antibodies, for instance, may be employed 
to activate or stimulate apoptosis in cancer cells. Alternatively, 
antagonistic antibodies may be used to block excessive apoptosis 

25 (for instance in neurodegenerative disease ) or to block potential 
autoimmune/inflammatory effects of Apo-2 resulting from NF-kB 
activation/ 

Apo-2 antibodies may further be used in diagnostic assays 
for Apo-2, e.g., detecting its expression in specific cells, 

30 tissues, or serum. Various diagnostic assay techniques known in 
the art may be used, such as competitive binding assays, direct or 
indirect sandwich assays arid immunoprecipitatibn assays conducted 
in either heterogeneous or homogeneous phases [Zola, Monoclonal 
Antibodies: A Manual of Techniques , CRC Press, Inc. (1987) pp. 147- 

35 158] . The antibodies used in the diagnostic assays can be labeled 



with a detectable moiety. The detectable moiety should be capable 
of producing, either directly or indirectly, a detectable signal. 
For example, the detectable moiety may be a radioisotope, such as 
3 H, l4 C, 32 P, 3S S, or 125 I, a fluorescent or chemiluminescent compound, 
5 such as fluorescein isothiocyanate, rhodamine, or luciferin, or an 
enzyme, such as alkaline phosphatase, beta-galactosidase or 
horseradish peroxidase. Any method known in the art for 
conjugating the antibody to the detectable moiety may be employed, 
including those methods described by Hunter et al., Nature, 144 : 945 

10 (1962); David et al., Biochemistry , 13:1014 (1974); Pain et al., 
J. Immunol. Meth. , 40:219 (1981); and Nygren, J. Histochem. and 
Cvtochem. . 10:407 (1982). 

Apo-2 antibodies also are useful for the affinity 
purification of Apo-2 from recombinant cell culture or natural 

15 sources. In this process, the antibodies against Apo-2 are 
immobilized on a suitable support, such a Sephadex resin or filter 
paper, using methods well known in the art. The immobilized 
antibody then is contacted with a sample containing the Apo-2 to be 
purified, and thereafter the support is washed with a suitable 

20 solvent that will remove substantially all the material in the 
sample except the Apo-2, which is bound to the immobilized 
antibody. Finally, the support is washed with another suitable 
solvent that will release the Apo-2- from the antibody. 
E . Kits Containing Apo-2 or Apo-2 Antibodies 

25 In a further embodiment of the invention, there are 

provided articles of manufacture and kits containing Apo-2 or Apo-2 
antibodies which can be used, for instance, for the therapeutic or 
non-therapeutic applications described above. The article of 
manufacture comprises a container with a label. Suitable 

30 containers include, for example, bottles, vials, and test tubes. 
The containers may be formed from a variety of materials such as 
glass or plastic. The container holds a composition which includes 
an active agent that is effective for therapeutic or non- 
therapevitic applications, such as described above i The active 

35 agent in the composition is Apo-2 or an Apo-2. antibody. The label 
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on the container indicates that the composition is used for a 
specific therapy or non- therapeutic application, and may also 
indicate directions for either in vivo or in vitro use, such as 
those described above. 

The kit of the invention will typically comprise the 
container described above and one or more other containers 
comprising materials desirable from a commercial and user 
standpoint, including buffers, diluents, filters, needles, 
syringes, and package inserts with instructions for use. 
***************************** 

The following examples are offered for illustrative 
purposes only, and are not intended to limit the scope of the 
present invention in any way. 

All patent and literature references cited in the present 
specification are hereby incorporated by reference in their 
entirety. 

EXAMPLES 

All restriction enzymes referred to in the examples were 
purchased from New England Biolabs and used according to 
manufacturer's instructions. All other commercially available 
reagents referred to in the examples were used according to 
manufacturer's instructions unless otherwise indicated. The source 
of those cells identified in the following examples, and throughout 
the specification, by ATCC accession numbers is the American Type 
Culture Collection, Rockville, Maryland. 

EXAMPLE 1 

Isolation of cDNA clones Encoding Human Apo-2 
Expressed sequence tag (EST) DNA databases (LIFESEQ™, 
Incyte Pharmaceuticals, Palo Alto, CA) were searched and an EST was 
identified which showed homology to the death domain of the Apo-3 
receptor [Marsters et al., Curr. Biol. , £:750 (1996)]. Human 
pancreas and kidney lgtlO bacteriophage cDNA libraries (both 
purchased from Clontech) were ligated into pRK5 vectors as follows. 



Reagents were added together and incubated at 16°C for 16 hours: 5X 
T4 ligase buffer (3 ml); pRK5, Xhol, Notl digested vector, 0.5 mg, 
1 ml) ; cDNA (5 ml) and distilled water (6 ml) . Subsequently, 
additional distilled water (70 ml) and 10 mg/ml tRNA (0.1 ml) were 
5 added and the entire reaction was extracted through 
phenol: chloroform risoamyl alcohol (25:24:1) . The aqueous phase was 
removed, collected and diluted into 5M NaCl (10 ml) and absolute 
ethanol (-20°C, 250 ml) . this was then centrifuged for 20 minutes 
at 14,000 x g, decanted, and the pellet resuspended into 70% 

10 ethanol (0.5 ml) and centrifuged again for 2 minutes at 14,000 x g. 
The DNA pellet was then dried in a speedvac and e luted into 
distilled water (3 ml) for use in the subsequent procedure. 

The ligated cDNA/pRK5 vector DNA prepared previously was 
chilled on ice to which was added electrocompetent DH10B bacteria 

15 (Life Tech., 20 ml). The bacteria vector mixture was then 
elect roporated - as per the manufacturers recommendation. 
Subsequently SOC media (1 ml) was added and the mixture was 
incubated at 37°C for 30 minutes. The transf ormants were then 
plated onto 20 standard 150 mm LB plates containing ampicillin and 

20 incubated for 16 hours (37°C) to allow the colonies to grow. 
Positive colonies were then scraped off and the DNA isolated from 
the bacterial pellet using standard CsCl-gradient protocols. 

An enriched 5'-cDNA library was then constructed to 
obtain a bias of cDNA fragments which preferentially represents the 

25 . 5' ends of cDNA' s contained within the library. 10 mg of the 
pooled isolated full-length library plasmid DNA (41 ml) was 
.combined with Not 1 restriction buffer (New England Bioljabs, 5 ml) 
and Not 1 (New England Biolabs, 4 ml) and incubated at 37°C for one 
hour. The reaction was extracted through phenol : chloroform: isoamyl 

30 alcohol (25:24:1, 50 ml), the aqueous phase removed, collected and 
resuspended into 5M NaCl (5 ml) and absolute ethanol (-20°C, 150 
ml) . This was then centrifuged for 20 minutes at 14,000 x g, 
decanted, riesuspended into 70% ethanol (0.5 ml) and centrifuged 
again for 2 minutes at 14,000 x g. The supernatant was then 

35 removed, the pellet dried in a speedvac and resuspended in 



distilled water (10 ml) . 

The following reagents were brought together .and 
incubated at 37°C for 2 hours: distilled water (3 ml); linearized 
DNA library (1 mg, l ml); Ribonucleotide mix (Invitrogen, 10 ml); 
5 transcription buffer (Invitrogen, 2 ml) and Sp6 enzyme mix. The 
reaction was then extracted through phenol : chloroform: isoamyl 
alcohol (25:24:1, 50 ml) and the aqueous phase was removed, 
collected and resuspended into 5M NaCl (5 ml) and absolute ethanol 
(-20°C, 150 ml) and centrifuged for 20 minutes at 14,000 x g. The 

10 pellet was then decanted and resuspended in 70% ethanol (0.5 ml), 
centrifuged again for 2 minutes at 14,000 x g, decanted, dried in 
a speedvac arid resuspended into distilled water (10 ml) . 

The following reagents were added together and incubated 
at 16°C for 16 hours: 5X T4 ligase buffer (Life Tech., 3 ml); pRK5 

15 Cla-Sal digested vector, 0.5 mg, 1 ml); cDNA (5 ml); distilled 
water (6 ml) . Subsequently, additional distilled water (70 ml), and 
10 mg/ml tRNA (0.1 ml) was added and the entire reaction was 
extracted through phenol: chloroform: isoamyl alcohol (25:24:1, 100 
ml). The aqueous phase was removed, collected and diluted by 5M 

20 NaCl (10 ml) and absolute ethanol (-20°C, 250 ml) and centrifuged 
for 20 minutes at 14,000 x g. The DNA pellet was decanted, 
resuspended into 70% ethanol (0.5 ml) and centrifuged again for 2 
minutes at 14,000 x g. The supernatant was removed and the residue 
pellet was dried in a speedvac and resuspended in distilled water 

25 (3ml). The ligated cDNA/pSST-amy . 1 vector DNA was chilled on ice 
to which was added electrocompetent DH10B bacteria (Life Tech. , 20 
ml) . The bacteria vector mixture was then electroporated as 
recommended by the manufacturer. Subsequently, SOC media (Life 
Tech., 1 ml) was added and the mixture was incubated at 37°C for 30 

30 minutes. The transf ormants were then plated onto 20 standard 150 
.mm LB plates containing ampicillin and incubated for 16 hours 
(37°C) . Positive colonies were scraped off the plates and the DNA 
was isolated from the bacterial pellet using standard protocols, 
e.g. CsCl -gradient . 

35 The cDNA libraries were screened by hybridization with a 



synthetic oligonucleotide probe: 

GGGAGCCGCTCATGAGGAAGTTGGGCCTCATGGACAATGAGATAAAGGTGGCTAAAGCTGAGGCA 
GCGGG (SEQ ID NO: 3) based on the EST. 

Three cDNA clones were sequenced in entirety. The 
overlapping coding regions of the cDNAs were identical except for 
codon 410 (using the numbering system for Fig. 1) ; this position 
encoded a leucine residue (TTG) in both pancreatic cDNAs , and a 
methionine residue (ATG) in the kidney cDNA, possibly due to 
polymorphism. 

The entire nucleotide sequence of Apo-2 is shown in 
Figure 1 (SEQ ID NO:2) . Clone 27868 (also referred to as pRK5-Apo- 

2 deposited as ATCC , as indicated below) contains a single 

open reading frame with an apparent translational initiation site 
at nucleotide positions 140-142 [Kozak et al., supra l and ending at 
the stop codon found at nucleotide positions 1373-1375 (Fig. 1; SEQ 
ID NO: 2) . The predicted polypeptide precursor is 411 amino acids 
long, a type I transmembrane protein, and has a calculated 
molecular weight of approximately 4 5 kDa. Hydropathy analysis (not 
shown) suggested the presence of a signal sequence (residues 1-53) , 
followed by an extracellular domain (residues 54-182), a 
transmembrane domain (residues 183-208), and an intracellular 
domain (residues 209-411) (Fig. 2A; SEQ ID NO:l) . N-terminal amino 
acid sequence analysis of Apo-2 -IgG expressed in 293 cells showed 
that the mature polypeptide starts at amino acid residue 54, 
indicating that the actual signal sequence comprises residues 1-53. 

TNF receptor family proteins are typically characterized* 
by the presence of multiple (usually four) cysteine-rich domains in 
their extracellular regions --- each cysteine-rich domain being 
approximately 45 amino acids long and containing approximately 6, 
regularly spaced, cysteine residues. Based on the crystal 
structure of the type 1 TNF receptor, the cysteines in each domain 
typically form three disulfide bonds in which usually cysteines 1 
and 2, 3 and 5, and 4 and 6 are paired together. Like DR4, Apo-2 
contains two extracellular cysteine-rich pseudorepeats (Fig. 2A) , 
whereas other identified mammalian TNFR family members contain 



three or more such domains [Smith et al., Cell . 76:959 (1994)] . 

The cytoplasmic region of Apo-2 contains a death domain 
(amino acid residues 324-391 shown in Fig. 1; see also Fig. 2A) 
which shows significantly more amino acid sequence identity to the 
death domain of DR4 (64%) than to the death domain of TNFR1 (30%) ; 
CD95 (19%); or Apo-3/DR3 (29%) (Fig. 2B) . Four out of six death 
domain amino acids that are required for signaling by TNFR1 
[Tartaglia et al., supra ! are conserved in Apo-2 while the other 
two residues are semi -conserved (see Fig. 2B) . 

Based on an alignment analysis (using the ALIGN™ computer 
program) of the full-length sequence, Apo-2 shows more sequence 
identity to DR4 (55%) than to other apoptos is -linked receptors, 
such as TNFR1 (19%); CD95 (17%); or Apo-3 (also referred to as DR3, 
WSL-1 or TRAMP) (29%) . 

EXAMPLE 2 

A. Expression of Ado -2 ECD 

A soluble extracellular domain (ECD) fusion construct was 
prepared. An Apo-2 ECD (amino acid residues 1-184 shown in Figure 
1) was obtained by PCR and fused to a C- terminal Flag epitope tag 

(Sigma) . (The Apo-2 ECD construct included residues 183 and 184 
shown in Figure 1 to provide flexibility at the junction, even 
though residues 183 and 184 are predicted to be in the 
transmembrane region) . The Flag epitope -tagged molecule was then 
inserted into pRKS, and expressed by transient transfection into 
human 293 cells (ATCC CRL 1573) . 

After a 48 hour incubation, the cell supernatants were 
collected and either used directly for co-precipitation studies 

(see Example 3) or subjected to purification of the Apo-2 ECD- Flag 
by affinity chromatography on anti-Flag agarose beads, according to 
•manufacturer's instructions (Sigma). 

B. Expression of Apo-2 ECD as an Immunoadhesin 

A soluble Apo-2 ECD immunoadhesin construct was prepared. 
The Apo-2 ECD (amino acids 1-184 shown in Fig. 1) was fused to the 



hinge and Fc region of human immunoglobulin G L heavy chain in pRK5 
as described previously [Ashkenazi et al., Proc. Natl. Acad. Sci. . 
88:10535-10539 (1991)]. The immunoadhesin was expressed by 
transient transf ect ion into human 2 93 cells and purified from cell 
5 supernatants by protein A affinity chromatography/ as described by 
Ashkenazi et al . , supra . 

EXAMPLE 3 

Immunoprecipitation Assay Showing Binding Interaction 
10 Between Apo-2 and Ado- 2 Liaand 

To determine whether Apo-2 and Apo-?2L interact or 

associate with each other, supernatants from mock-transf ected 293 

cells or from 293 cells transf ected with Apo-2 E CD-Flag (described 

in Example 2 above) (5 ml) were incubated with 5 /zg poly-histidine- 

15 tagged soluble Apo-2L [Pitti et al . , supra 1 for 30 minutes at room 
temperature and then analyzed for complex formation by a co- 
precipitation assay. 

The samples were subjected to immunoprecipitation using 
25 /xl anti-Flag conjugated agarose beads (Sigma) or Nickel- 

20 conjugated agarose beads (Qiagen) . After a 1.5 hour incubation at 
4° C, the beads were spun down and washed four times in phosphate 
buffered saline (PBS) . By using anti-Flag agarose, the Apo-2L was 
. precipitated through the Flag-tagged Apo-2 ECD; by using Nickel- 
agarose, the Apo-2 ECD was precipitated through the His -tagged Apo- 

25 2L. The . precipitated proteins were released by boiling the beads 
for 5 minutes in SDS-PAGE buffer, resolved by electrophoresis on 
12% polyacrylamide gels, and then detected by immunoblot with anti- 
Apo-2L or ant i- Flag antibody (2 jig/ml) as described in Marsters et 
al., J. Biol-. Chem. , (1997). 

3 0 The results, shown in Figure 3, indicate that the Apo-2 

ECD and Apo-2L can associate with each other. 

The binding interaction was further analyzed by purifying 
Apo-2 ECD from the transf ected 293 cell supernatants with anti-Flag 
beads (see Example 2) and then analyzing the samples on a BIACORE™ 

35 instrument. The BIACORE™ analysis indicated a dissociation 
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constant (K d ) of about 1 nM. BIACORE™ analysis also showed that 
the Apo-2 ECD is not capable of binding other apoptosis- inducing 
TNF family members, namely, TNF -alpha (Genentech, Inc., Pennica et 
al., Nature , 112:712 (1984), lymphotoxin-alpha (Genentech, Inc.), 
5 or Fas/Apo-1 ligand (Alexis Biochemicals) . The data thus shows 
that Apo-2 is a specific receptor for Apo-2L. 

EXAMPLE 4 
Induction of Apoptosis bv Apq-2 

10 Because death domains can function as oligomerization 

interfaces, over-expression of receptors that contain death domains 
may lead to activation of signaling in the absence of ligand 
[Frazer et al., supra , Nagata et al., supra ] . To determine whether 
Apo-2 was capable of inducing cell death, human 293 cells or HeLa 

15 cells (ATCC CCL 2.2) were transiently transfected by calcium 
phosphate precipitation (293 cells) or electroporation (HeLa cells) 
with a pRK5 vector or pRK5-based plasmids encoding Apo-2 and/or 
CrmA. When applicable, the total amount of plasmid DNA was 
adjusted by adding vector DNA. Apoptosis was assessed 24 hours 

20 after transfection by morphology (Fig. 4A) ; DNA fragmentation (Fig. 
4B) ; or by FACS analysis of phosphatydilserine exposure (Fig. 4C) 
as described in Marsters et al . , Curr. Biol. , 6:1669 (1996). As 
shown in Figs. 4A and 4B, the Apo-2 transfected 293 cells underwent 
marked apoptosis. 

25 For samples assayed by FACS, the HeLa cells were co- 

transfected with pRK5-CD4 as a marker for transfection and 
apoptosis was determined in CD4 -expressing cells; FADD was co- 
transfected with the Apo-2 plasmid; the data are means + SEM of at 
least three experiments, as described in Marsters et al., Curr . 

30 Biol . , 6:1669 (1996) . The caspase inhibitors, DEVD-fmk (Enzyme 
Systems) or z-VAD-fmk (Research Biochemicals Intl.) were added at 
200 jxM at the time of transfection. As shown in Fig. 4C, the 
caspase inhibitors CrmA, DEVD^fmk, and z-VAD-fmk blocked apoptosis 
induction by Apo-2, indicating the involvement of Ced-3-like 

3 5 proteases in this response. 
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FADD is an adaptor protein that mediates apoptosis 
activation by CD95, TNFR1 , and Apo-3/DR3 [Nagata et al., supra 1 . 
but does not appear necessary for apoptosis induction by Apo-2L 
[Marsters et al., supra ] or by DR4 [Pan et al., supra l . A 
5 dominant -negative mutant form of FADD, which blocks apoptosis 
induction by CD95, TNFR1, or Apo-3/DR3 [Frazer et al . , supra ; 
Nagata et al., supra ; Chinriayian et al., supra l did not inhibit 
apoptosis induction by Apo-2 when co-transf ected into HeLa cells 
with Apo-2 (Fig. 4C) . These results suggest that Apo-2 signals 
10 apoptosis independently of FADD. Consistent with this conclusion, 
a glutathione-S-transf erase fusion protein containing the Apo-2 
cytoplasmic region did not bind to in vitro transcribed and 
translated FADD (data not shown) . 

15 EXAMPLE 5 

Inhibition of Apo-2L Activity bv Soluble Apo-2 ECD . 
Soluble Apo-2L (0.5 /zg/ml, prepared as described in Pitti 
et al., supra ) was pre-incubated for 1 hour at room temperature 
with PBS buffer or affinity-purified Apo-2 ECD (5 ng/ml) together 
20 with anti-Flag antibody (Sigma) (1 /xg/ml) and added to HeLa cells. 
After a 5 hour incubation, the cells were analyzed for apoptosis by 
FACS (as above) (Fig. 4D) . 

Apo-2L induced marked apoptosis in HeLa cells, and . the 
soluble Apo-2 ECD was capable of blocking Apo-2L action (Fig. 4D) , 
.25 confirming a specific interaction between Apo-2L and Apo-2. 

Similar results were obtained with the Apo-2 ECD immunoadhesin 
(Fig. 4D) . Dose-response analysis showed half-maximal inhibition 
at approximately 0.3 nM Apo-2 immunoadhesin (Fig. 4E) . 

30 EXAMPLE 6 

Activation of NF-kB by Apo-2 
An assay was conducted to determine whether Apo-2 
activates NF-kB. 

HeLa cells were transfected with pRK5 expression plasmids 
3 5 encoding full-length native sequence Apo-2, DR4 or Apo-3 and 
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harvested 24 hours after transfection. Nuclear extracts were 
prepared and l /zg of nuclear protein was reacted with a 32 P- labelled 
NF-*B-specif ic synthetic oligonucleotide probe 

ATCAGGGACTTTCCGCTGGGGACTTTCCG (SEQ ID NO: 4) [see, also, MacKay et 
al., J. Immunol. , 153 : 5274 -5284 (1994)], alone or together with a 
50 -fold excess of unlabelled probe, or with an irrelevant 32 P- 
labelled synthetic oligonucleotide 

AGGATGGGAAGTGTGTGATATATCCTTGAT (SEQ ID NO: 5). In some samples, 
antibody to p65/RelA subunits of NF-kB (1 fig /ml; Santa Cruz 
Biotechnology) was added. DNA binding was analyzed by an 
electrophoretic mobility shift assay as described by Hsu et al . , 
supra ; Marsters et al., supra , and MacKay et al., supra . 

The results are shown in Fig. 5. As shown in Fig. 5A, 
upon transfection into HeLa cells, both Apo-2 and DR4 induced 
significant NF-/cB activation as measured by the electrophoretic 
mobility shift assay; the level of activation was comparable to 
activation observed for Apo-3/DR3. Antibody to the p65/RelA 
subunit of NF-/cB inhibited the mobility of the NF-kB probe, 
implicating p65 in the response to all 3 receptors. 

An assay was also conducted to determine if Apo-2L itself 
can regulate NF-/cB activity. HeLa cells or MCF7 cells (human 
breast adenocarcinoma cell line, ATCC HTB 22) were treated with PBS 
buffer, soluble Apo-2L (Pitti et al., supra ) or TNF-alpha 
(Genentech, Inc., see Pennica et al., Nature . 312 :721 (1984)) (1 
/xg/ml) and assayed for NF-kB activity as above. The result? are 
shown in Fig. SB. The Apo-2L induced a significant NF-kB/ 
activation in the treated HeLa cells but not in the treated MCF7 
cells; the TNF-alpha induced a more pronounced activation in both 
cell lines. Several studies have disclosed that NF-kB activation 
by TNF can protect cells against TNF-induced apoptosis [Nagata, 
supra l 

The effects of a NF-«B inhibitor, ALLN (N-acetyl-Leu-Leu- 
norleucinal) and a transcription inhibitor, cyclohexamide, were 
also tested. The HeLa cells (plated in 6 -well dishes) were 
preincubated with PBS buffer, ALLN (Calbiochem) (40 /ig/ml) or 
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cyclohexamide (Sigma) (50 tig/ml) for 1 hour before addition of Apo- 
2L (1 /xg/ml) . After a 5 hour incubation, apoptosis was analyzed by 
FACS (see Fig. 5C) . 

The results are shown in Fig. SC. Both ALLN and 
5 cyclohexamide increased the level of Apo-2L- induced apoptosis in 
the HeLa cells. The data indicates that Apo-2L can induce 
protective NF-kB- dependent genes. The data also indicates that 
Apo-2L is capable of activating NF-kB in certain cell lines and 
that both Apo-2 and DR4 may mediate that function. 

10 

EXAMPLE 7 
Northern Blot Analysis 
Expression of Apo-2 mRNA in human tissues was examined by 
Northern blot analysis. Human RNA blots were hybridized to a 4.6 

15 kilobase 32 P-labelled DNA probe based on the full length Apo-2 cDNA; 
the probe was generated by digesting the pRK5-Apo-2 plasmid with 
EcoRI. Human fetal RNA blot MTN (Clontech) and human adult RNA 
blot MTN- I I (Clontech) were incubated with the DNA probes. Blots 
were incubated with the probes in hybridization buffer (5X SSPE; 2X 

20 Denhardt's solution; 100 mg/mL denatured sheared salmon sperm DNA; 
50% formamide; 2% SDS) for 60 hours at 42°C. The blots were washed 
several times in 2X SSC; 0.05% SDS for 1 hour at room temperature, 
followed by a 30 minute wash in 0 . IX SSC; 0.1% SDS at 50°C. The 
blots were developed after overnight exposure. 

25 As shown in Fig. 6, a predominant mRNA transcript of 

approximately 4.6kb was detected in multiple tissues. Expression 
was relatively high in fetal and adult liver and lung, and in adult 
ovary and peripheral blood leukocytes (PBL) , while no mRNA 
expression was detected in fetal and adult brain. Intermediate 

30 levels of expression were seen in adult colon, small intestine, 
testis, prostate, thymus, pancreas, lidney, skeletal muscle, 
placenta, and heart. Several adult tissues that express Apo-2, 
e-g./ PBL, ovary, and spleen, have been shown previously to express 
DR4 [Pan et al., supra l . however, the relative levels of expression 

35 of each receptor mRNA appear to be different. 



EXAMPLE 8 

Chromosomal Localization of the Ado-2 ggng 
Chromosomal localization of the human Apo-2 gene was 
examined by radiation hybrid (RH) panel analysis. RH mapping was 
performed by PCR using a human-mouse cell radiation hybrid panel 
(Research Genetics) and primers based on the coding region of the 
Apo-2 cDNA [Gelb et al., Hum. Genet. . 18:141 (1996)] . Analysis of 
the PCR data using the Stanford Human Genome Center Database 
indicates that Apo-2 is linked to the marker D8S481, with an LOD of 
11.05; D8S481 is linked in turn to D8S2055, which maps to human 
chromosome 8p21. A similar analysis of DR4 showed that DR4 is 
linked to the marker D8S2127 (with an LOD of 13.00), which maps 
also to human chromosome 8p21. 

To Applicants' present knowledge, to date, no other 
member of the TNFR gene family has been located to chromosome 8. 
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***** 

Deposit of Material 

The following materials have been deposited with the 
American Type Culture Collection, 12301 Parklawn Drive, Rockville, 
5 MD, USA (ATCC): 

Material ATCC Dep. No. Deposit Date 
pRK5-Apo-2 • 



10 

This deposit was made under the provisions of the 
Budapest Treaty on the International Recognition of the Deposit of 
Microorganisms for the Purpose of Patent Procedure and the 
Regulations thereunder (Budapest Treaty) . This assures maintenance 

15 of a viable culture of the deposit for 30 years from the date of 
deposit. The deposit will be made available by ATCC under the 
terms of the Budapest Treaty, and subject to an agreement between 
Genentech, Inc. and ATCC, which assures permanent and unrestricted 
availability of the progeny of the culture of the deposit to the 

20 public upon issuance of the pertinent U.S. patent or upon laying 
open to the public of any U.S. or foreign patent application, 
whichever comes first, and assures availability of the progeny to 
one determined by the U.S. Commissioner of Patents and Trademarks 
to be entitled thereto according to 35 USC §122 and the 

25 Commissioner's rules pursuant thereto (including 37 CFR §1.14 with 
particular reference to 886 OG 638) . 

The assignee of the present application has agreed that 
if a culture of the materials on deposit should die or be lost or 
destroyed when cultivated under suitable conditions, the materials 

30 will be promptly replaced on notification with another of the same. 
Availability of the deposited material is not to be construed as a 
license to practice the invention in contravention of the rights 
granted under the authority of any government in accordance with 
its patent laws. • 

35 The foregoing written specification is considered to be 

sufficient to enable one skilled in the art to practice the 



-69- 



invention. The present invention is not to be limited in scope by 
the construct deposited, since the deposited embodiment is intended 
as a single illustration of certain aspects of the invention and 
any constructs that are functionally equivalent are within the 
scope of this invention. The deposit of material herein does not 
constitute an admission that the written description herein 
contained is inadequate to enable the practice of any . aspect of the 
invention, including the best mode thereof, nor is it to be 
construed as limiting the scope of the claims to the specific 
illustrations that it represents- Indeed, various modifications of 
the invention in addition to those shown and described herein will 
become apparent to those skilled in the art from the foregoing 
description and fall within the scope of the appended claims. 



SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Ashkenazi, Avi J. 
(ii) TITLE OF INVENTION: Apo-2 RECEPTOR 
(iii) NUMBER OF SEQUENCES: 5 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Genentech, Inc. 

(B) STREET: 460 Point San Bruno Blvd 

(C) CITY: South San Francisco 

(D) STATE: California 

(E) COUNTRY : USA 

(F) ZIP: 94080 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 3.5 inch, 1.44 Mb floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: WinPatin (Genentech) 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: lS-May-1997 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Marschang, Diane L. 

(B) REGISTRATION NUMBER: 35,600 

(C) REFERENCE/DOCKET NUMBER: PllOl 

(ix) TELECOMMUNICATION INFORMATION: 



(A) TELEPHONE: 415/225-5416 

(B) TELEFAX: 415/952-9881 

(C) TELEX: 910/371-7168 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 411 amino acids 

(B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Met Glu Gin Arg Gly Gin Asn Ala Pro Ala Ala Ser Gly Ala Arg 
1 5 10 15 

« 

Lys Arg His Gly Pro Gly Pro Arg Glu Ala Arg Gly Ala Arg Pro 

20 25 30 

Gly Leu Arg Val Pro Lys Thr Leu Val Leu Val Val Ala Ala Val 

35 40 45 

Leu Leu Leu Val Ser Ala Glu Ser Ala Leu He Thr Gin Gin Asp 

50 55 60 

Leu Ala Pro Gin Gin Arg Ala Ala Pro Gin Gin Lys Arg Ser Ser 

65 70 75 

Pro Ser Glu Gly Leu Cys Pro Pro Gly His His He Ser Glu Asp 

80 85 90 

Gly Arg Asp Cys lie Ser Cys Lys Tyr Gly Gin Asp Tyr Ser Thr 

95 100 105 



His Trp Asn Asp Leu Leu Phe Cys Leu Arg Cys Thr Arg Cys Asp 
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110 



115 



120 



Ser Gly Glu Val Glu Leu Ser Pro Cys Thr Thr Thr Arg Asn Thr 

125 130 135 

5 

Val Cys Gin Cys Glu Glu Gly Thr Phe Arg Glu Glu Asp Ser Pro 

140 145 150 

Glu Met Cys Arg Lys Cys Arg Thr Gly Cys Pro Arg Gly Met Val 
10 155 160 165 

Lys Val Gly Asp Cys Thr Pro Trp* Ser Asp lie Glu Cys Val His 

170 175 180 

15 Lys Glu Ser Gly He He lie Gly Val Thr Val Ala Ala Val Val 

185 190 195 

Leu lie Val Ala Val Phe Val Cys Lys Ser Leu Leu Trp Lys Lys 

200 205 210 

20 

Val Leu Pro Tyr Leu Lys Gly He Cys Ser Gly Giy Gly Gly Asp 

215 220 225 

Pro Glu Arg Val Asp Arg Ser Ser Gin Arg Pro Gly Ala Glu Asp 
2.5 230 235 240 

Asn Val Leu Asn Glu He Val Ser He Leu Gin Pro Thr Gin Val 

245 250 255 

30 Pro Glu Gin Glu Met Glu Val Gin Glu Pro Ala Glu Pro Thr Gly 

260 265 270 

Val Ash Met Leu Ser Pro Gly Glu Ser Glu His Leu Leu Glu Pro 

275 280 285 

35 
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Ala Glu Ala Glu Arg Ser Gin Arg Arg Arg Leu Leu Val Pro Ala 

290 295 300 

Asn Glu Gly Asp Pro Thr Glu Thr Leu Arg Gin Cys Phe Asp Asp 
5 305 310 315 

Phe Ala Asp Leu Val Pro Phe Asp Ser Trp Glu Pro Leu Met Arg 

320 325 330 

10 Lys Leu Gly Leu Met Asp Asn Glu lie Lys Val Ala Lys Ala Glu 

335 340 345 

Ala Ala Gly His Arg Asp Thr Leu Tyr Thr Met Leu He Lys Trp 

350 355 360 

15 

Val Asn Lys Thr Gly Arg Asp Ala Ser Val His Thr Leu Leu Asp 

365 370 375 

Ala Leu Glu Thr Leu Gly Glu Arg Leu Ala Lys Gin Lys He Glu 
20 380 385 390 

Asp His Leu Leu Ser Ser Gly Lys Phe Met Tyr Leu Glu Gly Asn 

395 400 405 

25 Ala Asp Ser Ala Xaa Ser 

410 411 

(2) INFORMATION FOR SEQ ID NO : 2 : 

30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1799 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

35 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 



CCCACGCGTC CGCATAAATC AGCACGCGGC CGGAGAACCC CGCAATCTCT 50 

GCGCCCACAA AATACACCGA CGATGCCCGA TCTACTTTAA GGGCTGAAAC 100 

CCACGGGCCT GAGAGACTAT AAGAGCGTTC CCTACCGCC ATG GAA 145 

Met Glu 
1 

CAA CGG GGA CAG AAC GCC CCG GCC GCT TCG GGG GCC CGG 184 
Gin Arg Gly Gin Ash Ala Pro Ala Ala Ser Gly Ala Arg 
5 10 15 

AAA AGG CAC GGC CCA GGA CCC AGG GAG GCG CGG GGA GCC 223 
Lys Arg His Gly Pro Gly Pro Arg Glu Ala Arg Gly Ala 

20 25 

AGG CCT GGG CTC CGG GTC CCC AAG ACC CTT GTG CTC GTT 262 
Arg Pro Gly Leu Arg Val Pro Lys Thr Leu Val Leu Val 
30 35 40 

GTC GCC GCG GTC CTG CTG TTG GTC TCA GCT GAG TCT GCT 301 
Val Ala Ala Val Leu Leu Leu Val Ser Ala Glu Ser Ala 
45 50 

CTG ATC ACC CAA CAA GAC CTA GCT CCC CAG CAG AGA GCG 340 
Leu lie Thr Gin Gin Asp Leu Ala Pro Gin Gin Arg Ala 
55 60 65 

GCC CCA CAA CAA AAG AGG TCC AGC CCC TCA GAG GGA TTG 379 
Ala Pro Gin Gin Lys Arg Ser Ser Pro Ser Glu Gly Leu 
70 75 80 



• TGT CCA CCT GGA CAC CAT ATC TCA GAA GAC GGT AGA GAT 418 
Cys Pro Pro Gly His His lie Ser Glu Asp Gly Arg Asp 

85 90 



5 TGC ATC TCC TGC AAA TAT GGA CAG GAC TAT AGC ACT CAC 457 

Cys lie Ser Cys Lys Tyr Gly Gin Asp Tyr Ser Thr His 
95 100 105 

TGG AAT GAC CTC CTT TTC TGC TTG CGC TGC ACC AGG TGT 496 
10 Trp Asn Asp Leu Leu Phe Cys Leu Arg Cys Thr Arg Cys 

110 115 

GAT TCA GGT GAA GTG GAG CTA AGT CCC TGC ACC ACG ACC 535 
Asp Ser Gly Glu Val Glu Leu Ser Pro Cys Thr Thr Thr 
15 120 125 130 

AGA AAC ACA GTG TGT CAG TGC GAA GAA GGC ACC TTC CGG 574 
Arg Asn Thr Val Cys Gin Cys Glu Glu Gly Thr Phe Arg 
135 140 145 

J 

GAA GAA GAT TCT CCT GAG ATG TGC CGG AAG TGC CGC ACA 613 
Glu Glu Asp Ser Pro Glu Met Cys Arg Lys Cys Arg Thr 

150 155 

25 GGG TGT CCC AGA GGG ATG GTC AAG GTC GGT GAT TGT ACA 652 

Gly Cys Pro Arg Gly Met Val Lys Val Gly Asp Cys Thr 
160 165 170 

CCC TGG AGT GAC ATC GAA TGT GTC CAC AAA GAA TCA GGC 691 
30 Pro Trp Ser Asp lie Glu Cys Val His Lys Glu Ser Gly 

175 180 

ATC ATC ATA GGA GTC ACA GTT GCA GCC GTA GTC TTG ATT 730 
lie lie lie Gly Val Thr Val Ala Ala Val Val Leu tie 
35 185 190 195 
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GTG GCT GTG TTT GTT TGC AAG 
Val Ala Val Phe Val Cys Lys 
200 



TCT TTA CTG TGG AAG AAA 769 
Ser Leu Leu Trp Lys Lys 
205 210 



5 GTC CTT CCT TAC CTG AAA GGC ATC TGC TCA GGT GGT GGT 808 

Val Leu Pro Tyr Leu Lys Gly lie Cys Ser Gly Gly Gly 

215 220 

GGG GAC CCT GAG CGT GTG GAC AGA AGC TCA CAA CGA CCT 847 
10 Gly Asp Pro Glu Arg Val Asp Arg Ser Ser Gin Arg Pro 

225 230 235 

GGG GCT GAG GAC AAT GTC CTC AAT GAG ATC GTG AGT ATC 886 
Gly Ala Glu Asp Asn Val Leu Asn Glu lie Val Ser lie 
15 240 245 

TTG CAG CCC ACC CAG GTC CCT GAG CAG GAA ATG GAA GTC 925 
Leu Gin Pro Thr Gin Val Pro Glu Gin Glu Met Glu Val 
250 255 260 

20 

CAG GAG CCA GCA GAG CCA ACA GGT GTC AAC ATG TTG TCC 964 
Gin Glu Pro Ala Glu Pro Thr Gly Val Asn Met Leu Ser 
265 270 275 

25 CCC GGG GAG TCA GAG CAT CTG CTG GAA CCG GCA GAA GCT 1003 

Pro Gly Glu Ser Glu His Leu Leu Glu Pro Ala Glu Ala 

280 285 

GAA AGG TCT CAG AGG AGG AGG CTG CTG GTT CCA GCA AAT 1042 
30 Glu Arg Ser Gin Arg Arg Arg Leu Leu Val Pro Ala Asn 
290 295 300 

GAA GGT GAT CCC ACT GAG ACT CTG AGA CAG TGC TTC GAT 1081 
Glu Gly Asp Pro Thr Glu Thr Leu Arg Gin Cys Phe Asp 
35 305 310 
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GAC TTT GCA GAC TTG GTG CCC TTT GAC TCC TGG GAG CCG 1120 
Asp Phe Ala Asp Leu Val Pro Phe Asp Ser Trp Glu Pro 
315 320 325 

5 CTC ATG AGG AAG TTG GGC CTC ATG GAC AAT GAG ATA AAG 1159 

Leu Met Arg Lys Leu Gly Leu Met Asp Asn Glu lie Lys 
330 335 340 

GTG GCT AAA GCT GAG GCA GCG GGC CAC AGG GAC ACC TTG 1198 
10 Val Ala Lys Ala Glu Ala Ala Gly His Arg Asp Thr Leu 

345 350 

TAC ACG ATG CTG ATA AAG TGG GTC AAC AAA ACC GGG CGA 1237 
Tyr Thr Met Leu tie Lys Trp Val Asn Lys Thr Gly Arg 
15 355 360 365 

GAT GCC TCT GTC CAC ACC CTG CTG GAT GCC TTG GAG ACG 1276 
Asp Ala Ser Val His Thr Leu Leu Asp Ala Leu Glu Thr 
370 375 

20 

CTG GGA GAG AGA CTT GCC AAG CAG AAG ATT GAG GAC CAC 1315 
Leu Gly Glu Arg Leu Ala Lys Gin Lys lie Glu Asp His 
380 385 390 

25 TTG TTG AGC TCT GGA AAG TTC ATG TAT CTA GAA GGT AAT 1354 

Leu Leu Ser Ser Gly Lys Phe Met Tyr Leu Glu Gly Asn 
395 400 405 

GCA GAC TCT GCC WTG TCC TAAGTGTG ATTCTCTTCA GGAAGTGAGA 1400 
30 Ala Asp Ser Ala Xaa Ser 

410 411 

CCTTCCCTGG TTTACCTTTT TTCTGGAAAA AGCCCAACTG GACTCCAGTC 1450 



35 



AGTAGGAAAG TGCCACAATT GTCACATGAC CGGTACTGGA AGAAACTCTC 1500 

-78- 



CCATCCAACA TCACCCAGTG GATGGAACAT CCTGTAACTT TTCACTGCAC 1550 



TTGGCATTAT TTTTATAAGC TGAATGTGAT AATAAGGACA CTATGGAAAT 1600 
5 GTCTGGATCA TTCCGTTTGT GCGTACTTTG AGATTTGGTT TGGGATGTCA 1650 

TTGTTTTCAC AGCACTTTTT TATCCTAATG TAAATGCTTT ATTTATTTAT 1700 
TTGGGCTACA TTGTAAGATC CATCTACAAA AAAAAAAAAA AAAAAAAAAG 1750 
GGCGGCCGCG ACTCTAGAGT CGACCTGCAG AAGCTTGGCC GCCATGGCC 1799 
(2) INFORMATION FOR SEQ ID NO: 3: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 70 base pairs 

(B) TYPE : Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

20 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 



GGGAGCCGCT CATGAGGAAG TTGGGCCTCA TGGACAATGA GATAAAGGTG 50 

25 

GCTAAAGCTG AGGCAGCGGG 70 
(2) INFORMATION FOR SEQ ID N0:4: 

30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

35 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 
ATCAGGGACT TTCCGCTGGG GACTTTCCG 29 

5 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 base pairs 
10 (B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 
CD) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5 

15 

AGGATGGGAA GTGTGTGATA TATCCTTGAT 30 
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WHAT IS CLAIMED IS: 

1. A method of modulating apoptosis in mammalian cells comprising 
exposing mammalian cells to Apo-2 polypeptide, said Apo-2 
polypeptide having at least about 80% amino acid sequence identity 

5 with native sequence Apo-2 polypeptide comprising amino acid 
residues 1 to 411 of SEQ ID NO:l. 

2. A method of modulating apoptosis in mammalian cells comprising 
exposing mammalian cells to an extracellular domain sequence of 

10 Apo-2 polypeptide comprising amino acid residues 54 to 182 of SEQ 
ID NO:l. 
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Abstract of the Disclosure 
Novel polypeptides, designated Apo-2, which are capable 
of modulating apoptosis are provided. Compositions including Apo-2 
chimeras, nucleic acid encoding Apo-2, and antibodies to Apo-2 are 
5 also provided. 
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Background of rh» Tp^,.^ 
In multicellular organisms, homeostasis is 
maintained by balancing the rate of cell proliferation 
against the rate of cell death. This balance is important 
in pathophysiologic contexts (for example, in the 
elimination of virally- infected and radiation-damaged 
cells) . Cell proliferation is influenced by numerous growth 
factors and the expression of proto -oncogenes , which 
typically encourage progression through the cell cycle, m 
contrast, numerous events, including the expression of tumor 
suppressor genes, can lead to an arrest of cellular 
proliferation. 

In differentiated cells, a particular form of cell 
death called apoptosis (or programmed cell death (PCD) ) is 
carried out when an internal suicide program is activated. 
This program can be initiated by a variety of external 
signals as well as signals that are generated within the 
cell in response to, for example, genetic damage. Thus, 
apoptosis of a cell or a group of cells is presumably 
beneficial to the organism as a whole. For many years, the 
magnitude of apoptotic cell death was not appreciated 
because the dying cells are quickly eliminated by 
phagocytes, without an inflammatory response. 

The mechanisms that mediate apoptosis have been 
intensively studied. These mechanisms involve the 
activation of endogenous proteases, loss of mitochondrial 
function, and structural changes such as disruption of the 
cytoskeleton, cell shrinkage, membrane blebbing, and nuclear 
condensation, which occurs as the" cell's DNA is degraded. 
Initially, large fragments o£ DNA (of about SO kb) are 
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homologous from one family member to another vary Two 
family members may have homologous sequence in the 
ectodomain. but not in the death domain, or vice-versa • 

The death domain of the Fas/APO-l receptor interacts 
with FADD <£as- a ssociating protein with death domain, also 
known as MORT1) and RIP (receptor interacting protein), 
forming a complex that, when joined by Caspase-8, 
constitutes the Fas/APO-l death- inducing signalling complex 
(Boldm ec al., supra; Muzio ec al., supra). The 
interaction between Fas/APO-l and FADD is mediated by their 
respective C-terminal death domains (Chinnaiyan et al Cell 
31:505-512, 1995) . 

A second complex that is thought to be involved in 
cell death forma in association with the intracellular 
IS portion of TNFR-l, and includes Caspase-8, TRADD. 

(TNFR-l-associaced death domain protein) , and FADD/MORT1 
(Boldin et al., suprat Muzio et al., supra). 

Just as not all members of the TUP receptor family 
bind TNF (see above) . not all members contain a death 
20 domain. For example, a receptor termed TNFR-2 is a 75 kDa 
receptor for the TNF ligand that is not believed to contain 
a death domain. Thus, this receptor may activate an 
alternative intracellular signalling pathway that may or may 
not lead to apopcosis (WO 96/34095; Smith et al.. Cell 
25 24:959-962, 1994). 

The factors that are known. to bind TNFR-l include 
TNP-a and TNP-/J (also known as lymphotoxin-a) , which are 
related members of a broad family of polypeptide mediators, 
collectively known as cytokines, that includes the 
interferons, interleukins, and growth factors (Beutler and 
Cerami, Ann. Rev. Immunol., 7:625-655, 1989). a subset of 
these polypeptides are classified as TNF-related cytokines 
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and, in addition to TNF-ar and TNF-tf, include LT-0 and 
Uganda for the Fas and 4-133 receptors. 

TNF-a and TNF-0 were first recognized for their 
anti-tumor activities, but are now known as pieiotropic 
cytokines that play a role m many biological processes. 
For example, TNF-or is believed to mediate irnmunostimulation, 
autoimmune disease, graft reaction, anti-viral responses, 
septic shock, cerebral malaria, cytotoxicity, protective 
responses, to ionizing radiation, and growth regulation. 
TNF-0.. which is produced by activated lymphocytes, exhibits 
similar but not identical biological activities. TNF-£ 
elicits tumor necrosis, mediates anti- viral responses, 
activates polymorphonuclear leukocytes, and induces the 
expression of MHC class I antigens and adhesion molecules on 
endothelial cells. 



Summary of the I nvention , . ; „ 

ff'^^nTig^fflj^ rnJthm Atmmrrmry and 
ff^«ct«ri»tloax>f ,t*o novel polypeptides with-*imilarity 
J^b a*wbere_pf the TOP receptor super-family. The first, 
Tango-63d, is a 440 amino acid polypeptide, and the second, 
XAMQrJ&B.^^^LAXl^amino acid polypeptide that is identical 
to Tango^€3d, with the exception of a deletion of amino 
acids 183-211. 

The invention encompasses nucleic acid molecules 
encoding Tango.-63d and Tango-63e, vectors containing these 
nucleic acid molecules, cells harboring recombined. DNA ... 
encoding Tango-63d and/or Tango-63e, fusion proteins that 
include Tango^63d and/or Tango-63e, transgenic animals that 
express Tango-63d and/or Tango-S3e, and recombinant knock- 
out animals that fail to express Tango -63d and/or Tango-63e. 

By n isolated nucleic acid molecule" is. meant a- 
nucleic acid molecule that is separated from either the- 



chromatography, polyacrylamide gel electrophoresis, or HPLC 
analysis. The polypeptide can be a naturally occurring, 
synthetic, or a recombinant molecule consisting of a hybrid 
with one portion, for example, being encoded by all or par - 
of a Tango-63 gene, , and a second portion being encoded "by 
all or. part of a second gene. For example, the polypeptide 
can be fused to a hexa-histidine tag to facilitate 
purification of bacterially expressed protein, or to a 
hemagglutinin (HA) tag to facilitate purification of protein 
expressed in eukaryotic cells. The HA tag corresponds to an 
epitope derived from the influenza hemagglutinin protein 
(Wilson et al., Cell 37:767, 1984). The polypeptides of the 
invention can also be fused to another compound (such as 
polyethylene glycol) that will increase the half- life of the 
polypeptide within the circulation.. Similarly, the receptor 
polypeptide can be fused to a heterologous polypeptide such 
aa the Fc region of an IgG molecule, or a leader or 
secretory sequence. 

The polypeptides of the invention can be chemically 
synthesized, produced by recombinant techniques from a 
prokaryotic or eukaryotic host (for example, by bacterial, 
yeast, higher plant, insect, and mammalian cells in 
culture) , or they can be purified from tissues in which they 
are naturally expressed, according to standard biochemical 
methods of purification. 

The polypeptides of the present invention can be 
employed to identifying putative Uganda to which the 
polypeptides bind. These Uganda can be identified, for 
example, by tranafecting a cell population with air 
appropriate vector from which the polypeptide is expressed, 
and exposing that cell to various putative Uganda. The 
Uganda tested could include those that are known to 
interact with members of the TNF receptor superfamily, as 



well as additional small molecules n 
extracts, or ocher natural 3 ~ d u !' 3u P erna «nts, 
alao be used 'to ac-e-n an *" > " UCCS ' The P ol VPepcide can 
standard techniques X ^ eS31 ° n lib «ry according to 

Polypeptides of the :.-ve'"--- n l'^ = ° ChaC Che 
molecule in order -^"l^'.'i"*. " U * C -" =eracc "ieh another 
polypeptides may --^J^r*" =1 ° logicai activity,. che 

" " a 3 --3 a "d- independent manner. 

hen 




20 



10 



ial 

"sing no more than routi-e ah,!'^. 1 " 1 ""^ 1 ''" ° f th * invenc ion 

Also included -n " ?narTT,a - C ° lo ^= a l assays. 
Polypeptides. - whicn p ; s ;„ e a 1 o 7; nCi0n "functional 
functions or activxtxes of" °* ™* ° f Che biol ^i=al 
» functions or activi^ I^^" T ~«' ^ 
concern, primarily, - . * " ^ " deCail be l°w and 

binding some or all oTthe orotLns'wh^^' '°' eXample ' 
Tango-63d or Tango-63e a *f normally bind to 

considered within the scope TfT^ P ° lyPepCide *• a ^o 
an immunogen for production of ^ Vention « it serves as 
bind to Tango- 63 d P or xan'o 6 e ' ^ ^^"^ 

Polypeptides retain one or more / ^ CM *"' funcci °^ 

naturally-occurrina f™ . ! ^ Pr6aenC in ch * 

. i ^cumng form of che polvoentiH* 

funotlon.1 .ctlvlcv of . !!r ' ch « 

•mine acid ^ th/e h I CO °" ln 3 """"V 
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'hen che polypeptides of the Mention are administered to a 
Parent, they .ay be glvea in . , embrane . bound or ' 
c,rculacin g for,, ^ lcally , the soluble 
Polypeptide will lac, t,e transmembrane do-nain. Soluble 

o ypept.des .ay include any nu^er of leader seances at 
the 5 end; the purpose of these leader sequences bemg 
primarily., to allow expressxon la a eukaryotic system Le 
tor example, U.S. Patent No. 5,082,783). 

antih member3 ° f * ?air 0t fn ° lecule3 («or example, an 

ZTrTT^T " 3 "^-^ Pair, are said to 

specially bind" to each other if they bind to each other 
with greater affinity than to other molecules, even those 
chat are structurally or functionally related to a member of 
-J the specific binding pair. 

jj IS The . invention also encompasses compounds which 

modulate the expression or activity of Tangoed and/or 
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'U Tango-63e. including small molecules (i.e., molecules with a 

molecular weight below about 500), large molecules (i e 
; 3 molecules with a molecular weight above about 500, , and" 

, A 20 nucleic acid molecules chat can be used to inhibit the 
- expression of these genes (for example, antisense and 

a nbozyme molecules, or to enhance their expression (for 

example, expression constructs that place nucleic acid 
sequences encoding either Tangoed or Tango- 6 3e under the 
control of a strong promoter system,, and transgenic animals 
chat express a Tango-63 cransgene. 

Tango-63d and/or Tango-63e function can be altered 
either by altering the expression of Tango-63d and/or 
Tango-63e (i.e., altering the amount of Tango-63d and/or 
30 Tango-63e present in a given cell, or by altering the 
activity of Tangp-63d and/or Tango- 63e. 

The invention includes methods for treating 
disorders characterized by aberrant expression or activity 
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of Tango -6 3d and/or Tanqo-63- -u 

ribozyn,.,. and „o lecul „ chac 3 °"„" C " ld 

antagonist. of it , activity. agonist, or 

; Disorder, that can be treated by alteri™, ,k 

expression or activity of the polypeptide, o £ t I 
include disorders associated with .<*. invention 

described further h.r.i„b.ic„, . ,„ addition. <" 
-dieted dise.se,. i„ clu di„ g acq uired i»»n. dlfic ' 
syndrom (AIDS! , autoi«mune diseases sue """"^ 
•rytHre^osis. th . UM told..rSi .I" ^Tollc""' 
septic shoe,, cerebral M l.ria. gtaJC 
cytotoxicity, cachexia. ,„ d . inflection are considered 

* ««- *n ii£r * * tr -" d 

ango «3d or. Tango,63e ; a compound thac decreases the 
expression of Tangoed or Tango- 6 3e ; a ^und thac 



expression vector chac contains a nucleic acid molecule that 
encodes a nonfunctional Tango-63; or a nonfunctional 
Tango-63 polypeptide itself. Preferably, the nonfunctional 
polypeptide will bind any naturally occurring ligand(s) of 
Tango-63d or Tango-63e or otherwise interfere with the . 
ability of the polypeptides to cransduce a signal. 
Accordingly, the invention features therapeutic compositions 
that contain the compounds or ligands described above. 

Conversely, a patient who has a disorder associated 
with an 1 1 1 1 1 t"» ~* ir~rrgf iirniial l ■■■ k\ 

* — u y n , 1 i n n il (for example, a 

naturally occurring or synthetic ligand) that activates 
Tango-63d or Tango-63e (i.e., * iirpnrl rhjr jv» -a fnll 

©r partia l , a g<apii t»of Tango -6 3d or Tango- 63 e) ; a compound 
that increases the expression of Tango-63d or Tango-63e; a 
compound that increases the activity of Tango-63d or 
Tango-63e; an expression vector that contains a nucleic acid 
molecule encoding Tango-63d or Tango-63e, or by 
administering either or both of the polypeptides directly to 
the patient's cells (either in vivo or ex vivo). These 
methods are described more fully below. 

Certain disorders are associated with an increased 
number of surviving cells, which are produced and continue 
to survive or proliferate when apoptosis is inhibited. 
These disorders include cancer, particularly follicular 
lymphomas, carcinomas associated with mutations in pS3, and 
hormone -dependent tumors such as breast cancer, prostate 
cancer, and ovarian cancer. As described in the example 
below, Tango-63 has been mapped to a position that is 
located in the most frequently lost region of chromosome 8, 
between markers D8S133 and NEFL. As described in the 
example below, this region has been implicated in the 
etiology of numerous cancers, including prostate cancer, 
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colon cancer, non-small cell lung cancer, breaac cancer, 
head and neck cancer, hepatccarcmoma, and bladder cancer. 

Additional disorders chat are associaced with an 
increased number of surviving cells include autoimmune 
disorders (such as systemic lupus erythematosus and 
immune -mediated glomerulonephritis) , and viral infections 
(such as those caused by herpesviruses, poxviruses, and 
adenoviruses) . 

Populations of cells are of ten depleted in the event 
of viral infection, with perhaps the most dramatic example 
being the cell depletion caused by the human 
immunodeficiency virus (HIV) . Surprisingly, most T cells 
that die during HIV infections do not appear to be infected 
with HIV. Although a number of explanations have been 
proposed, recent evidence suggests that stimulation of the 
CD4 receptor results in the enhanced susceptibility of 
uninfected T cells to undergo apoptosis. 

A wide variety of neurological diseases are 
characterized by the gradual loss of specific sets of 
neurons. Such disorders are referred to as 
neurodegenerative diseases and include Alzheimer's disease, 
Parkinson's disease, amyotrophic lateral sclerosis (ALS) , 
Huntington's disease, retinitis pigmentosa, spinal muscular 
atrophy, and various forms of cerebellar degeneration. The 
ceil loss in these- diseases does not induce an inflammatory 
response, and apoptosis appears to be the mechanism of cell 
death. 

In addition, a number of hematologic diseases are 
associated with a decreased production of blood cells. 
These disorders include anemia associated with chronic 
disease, aplastic anemia, chronic neutropenia, and the 
myelodysplastic syndromes. Disorders of blood cell 
production, such- as myelodysplastic syndrome and some- forms- 



of aplastic anemia, are associated with increased apoptoti- 
cell death within the bone marrow. These disorders could " 
result from the activation of genes that promote apoptosis 
acquired deficiencies in stromal cells or hematopoietic 
survival factors, or the direct effects of toxins and • 
mediators of immune responses. 

Two common disorders associated with cell death are 
myocardial infarction (which is commonly referred to as a 
"heart attack") and cerebral ischemia (which is commonly 
referred to as "stroke", . m both of these disorders, cells 
within the central area of ischemia, which is produced in 
the event of acute loss of blood flow, appear to die rapidly 
as a result of necrosis. However, outside the central 
ischemic zone, cells die over a more protracted time period 
and, morphologically, appear to die by apoptosis. 

The present invention encompasses methods and 
compositions for the diagnostic evaluation, typing, and 
prognosis of disorders associated with apoptotic cell death 
and disorders related to abnormal expression or activity or 
Tango-63d or Tango-63e. The disorder can be associated with 
either an increase or a decrease in Che incidence of 
apoptotic cell death. For example, the nucleic acid 
molecules of the invention can be used as diagnostic 
hybridization probes to detect, for example, expression of 
Tango-63d or Tango-63e. Such methods can be used to 
classify cells. by their level of Tango- 63d or Tango-63e 
expression, fimc ~**Mpi«, .4*4^ aaago-^d ^ Tango . €3e 
expression «y b^socia*ed ^ch ^iugnar -rate of 
apoptosis. The present invention, further provides for 
diagnostic kits for the practice of such methods. 

In particular, the invention described below, 
encompasses Tango-63d or Tango-63e polypeptides 
corresponding, to functional domains of Tango-63d or 
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Tap go - 6 3e .e.g.. ,he death do^m, . , ucaced , esuac , Md 
deleted polypeptides :hac retain at least one of the 
functional activity of 7ar.go-63d or 7ango-63e (for 
example, a polypeptide i., which one or .ore ammo acid 
rescues have been subsci^ed. deleted from, or added 
the death domain without destroying the ability of the 
mutant Tango-63d or Tango-63e polypeptides to induce 
apoptosis, and fusion proteins as described below) 

Polypeptides -.hat exhibit at least 70%. preferably 
at least 80%, more preferably at least 90%. an d most 
preferably ac least 95% of , he actlvl=y of che Xango . 63d or 
Tango-63e polypeptides described herein are considered 
within the scope of the invention. 

The invention encompasses nucleic acids and 
polypeptides that have a sequence that is substantially 
identical to a Tango-63d or Tango-63e nucleic acid or 
polypeptide. The term "substantially identical" refers to a 
polypeptide or nucleic acid having a sequence that is at 
least 8S%, preferably at least 90%. more preferably at least 
95%. and most preferably at least 98% or 99% or more 
identical to the sequence of a reference amino acid or 
nucleic acid sequence. For polypeptides, the length of the 
reference polypeptide sequence will generally be at least 
16 amino- acids, ac least 20 amino acids, at lease 25 amino 
acads, or preferably ac lease 35 amino acids. For nucleic 
acids. Che length of che reference nucleic acid sequence 
will generally be ac least 50 nucleotides, at least 
60. nucleotides, at least 7S nucleotides, or at lease 
90 nucleotides. . 

Sequence identity can be measured using sequence 
analysis software (e.g., Sequence Analysis Software Package 
of the Genetics Computer Group, University of Wisconsin 
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^technology Center. 17 10 University Avenue. Madison, wi 
S3705, with the default parameters specified therein " 

In the case of polypeptide sequences that are i -„ 
chan 100% identical to a reference sequence, the r.on- 
identical positions are preferably, but not necessarily 
conservative substitutions for the reference sequence ' 
Conservative substitutions typically include substitutions 
within the following groups: glycine and alanine; valine 
isoleucme. and leucine; aspartic acid and glutamic acid' 
asparagine and glutamme.- serine and threonine.- lysine and 
arginine; and phenylalanine and tyrosine. 

Where a particular polypeptide is said to have a 
specific percent identity to a reference polypeptide of a 
defined length, the percent identity is relative to the 
reference polypeptide. Thus, a peptide that is 50% 
identical to a reference polypeptide that is loo amino acids 
long can be a SO amino acid polypeptide that is completely 
identical to a 50 amino acid long portion of the reference 
polypeptide. It might also be a 100 amino acid long 
polypeptide which is 50% identical to the reference 
polypeptide over its entire length. Of course, many other 
polypeptides will meet the same criteria. 

The reference nucleic acid or polypeptide can be a 
naturally-occurring molecule, for example, a Tangb-63d- 
encoding nucleic acid molecule, a Tango- 6 3e-encoding nucleic 
acid, molecule, a Tango-63d polypeptide, or a Tango-63e 
polypeptide. 

A transgenic animal is any animal containing cells 
that bear genetic information received, directly or 
indirectly, by deliberate genetic manipulation at the 
subcellular level, such as DMA received by microinjection or 
by infection with, recombinant- virus. Thus, animals of the- 
invention are those with one or more cells that contain a- 



recombinant DNA molecule of the invention and, in this 
context, the term "animal" denotes all animals except ." 
Homo sapiens. Farm animals (pigs, goats, sheep, cows, 
horses, rabbits, and the like), rodents (such as rats, 
guinea pigs, and mice), non-human primates (for example, 
baboons, monkeys, and chimpanzees), and domestic animals 
(for example, dogs and cacs) are especially preferred. 

•It is also preferred that the nucleic acid molecule 
becomes integrated with the animal's chromosomes, but the 
use of DNA sequences that replicate extrachromosomally, such 
as might be engineered into yeast artificial chromosomes 
(YACs) or human artificial chromosomes (HACs) , are also 
contemplated. 

Transgenic animals include animals in which the 
genetic information has been taken up and integrated into a 
germ line cell. These animals typically have the ability to 
transfer the genetic information to their offspring. If the 
offspring in fact possess some or all of the genetic 
information delivered to the parent animal, then they, too, 
are transgenic animals. 

In another embodiment, the invention features 
methods of identifying compounds that modulate apoptotic 
cell death by modulating the expression or activity of 
Tango-63d and/or Tango-63e by assessing the expression or 
activity of Tangoed and/or Tango-63e in the presence and 
absence of the compound. A difference in the level of 
expression or activity of Tango -6 3d or Tango-63e in the 
presence of the compound (compared with the level of 
expression or activity in the absence of the compound) 
indicates that the compound is capable of modulating the 
expression or activity of Tango-63d or Tango-63e and thereby 
useful in, for example; modulating apoptotic cell death. 
Expression can be assessed either at the level of gene 



expression (e.g.. by measuring mRNA) or protein exoression 
by cechniques that are well known to skilled artisans ' 
activity of Tango-63d or ?ango-63e can be assessed 
functionally, i.e., by assaying the ability of the comnour.d 
to inhibit apoptosis following activation of the Tango-53d 
or Tango- S3e receptor complexes. 

The invention features an isolated nucleic acid 
molecule comprising a nucleotide sequence encoding a 
polypeptide that is at least 35% identical to SEQ ID NO: 2; 
and an isolated nucleic acid molecule comprising a 
nucleotide sequence encoding a polypeptide that is at least 
85% identical to SEQ ID NO: 4. 

In other aspect, the invention features: an 
isolated nucleic acid molecule that includes the nucleotide 
sequence of SEQ ID NO : 1 , and that encodes the amino acid 
sequence of SEQ ID NO: 2; an isolated nucleic acid molecule 
that includes the nucleotide sequence of SEQ ID NO: 3, and 
that encodes the amino acid sequence of SEQ ID NO: 4; an 
isolated nucleic acid molecule that includes the molecule 
deposited with the American Type Culture Collection and 
assigned accession number 98368; and an isolated nucleic 
acid molecule that includes the molecule deposited with the 
American Type Culture Collection and assigned accession 
number 98367. 

In - another aspect, the invention features a vector 
that includes an above -described nucleic acid molecule. In 
various specific embodiments, the vector is an expression 
vector, and can include a regulatory element such as the 
cytomegalovirus hCMV immediate early gene, the early 
promoter of SV40 adenovirus, the late promoter of SV40 
adenovirus, the ia^ system, the trp. system, the TA£ system, 
the ISC. system., the major operator and promoter regions of 
phage X. the control regions of fd coat protein, the 



promoter for 3 -phosphoglycerate Kinase, the promoters of 
acid phosphatase, and the promoters of the yeast a-mating 
factors. The vector can also include a regulatory element 
chat directs tissue-specific expression, a reporter aer.e 
such as a gene encoding 3- lactamase, chloramphenicol" ' 
acetyltransferase (CAT), adenosine deaminase (ADA), 
aminoglycoside phosphotransferase .:neo r , G4lB r ) , 
dihydrofolate reductase (DHFR) , hygromycm-a- 
phosphotranaferase iHPH) , thymidine kinase (TK) , lacZ 
(encoding 0-galactosidase) , and xanthine guanine 
phosphoribosyl transferase (XGPRT) .' The vector can be a 
plasmid or a virus, such as a retrovirus. 

In another aspect, the invention features a 
genetically engineered host cell, particularly a eukaryotic 
cell, which includes a vector, as described above. 

In another aspect, the invention features a chimeric 
polypeptide that contains a polypeptide encoded by one or 
more of the nucleic acid molecules described above and a 
heterologous polypeptide (i.e. a polypeptide that has a 
sequence other than those described above as polypeptides of 
the invention) . 

In other aspects, the invention features an antibody 
'that specifically binda Tango- 63d and an antibody that 
specifically binda Tango-63e. 

In yet another aspect, the invention features a 
transgenic animal harboring a nucleic, acid molecule 
described above. 

The invention also features a method for determining 
whether a patient has a disorder associated with an abnormal 
rate of apoptotic cell death. The method is carried out by 
quantitating the level of expression of Tango-63d or,. 
Tango-63e in a biological sample (e.g. , a. tumor sample) 
obtained from the patient: Expression can be assessed by 



examining the level of mRNA encoding Tango-S3d or Tango-63e 
or the level of Tango-63d or Tango-63e protein. Methods o*f 
quant itating mRNA and protein are well known in the art of 
molecular biology. Methods useful in the present invention 
include RNAse protection assays, Northern blot analyses, the 
polymerase chain reaction (PCR, particularly, RT-PCR) , and, 
to assess the ievel of protein expression. Western blot 
analyses. 

The invention also features a method for determining 
whether a patient has a disorder associated with a mutation 
in a gene encoding Tango- 63d or Tango- 63e. The method is 
carried out by examining the nucleic acid sequence of 
Tango- 63d or Tango-63e in a sample of DNA obtained from a 
patient. 

The invention also features a method of treating a 
patient who has a disorder associated with abnormal activity 
of the Tango-63d or Tango-63e complex. The method is 
carried out by administering to the patient a compound that 
modulates the expression or activity of Tango-63d or 
Tango-63e. The compound can be, for example, a compound 
that acta as a full or partial agonist of Tango-63d or 
Tango-63e (which would be administered to increase the 
activity of Tango-63d or Tango-63e) or as a full or partial 
antagonist of Tango-63d'.or Tango-63e (which. would be 
administered to decrease the activity of Tango-63d or 
Tango-63e) . The compound could be a small molecule. To 
decrease the expression of Tango- 63d or Tango-63e, an 
antisense nucleic acid molecule, or a ribozyme can be 
administered. 

The invention also features therapeutic compositions 
which include the compounds- that are : used in the. methods of 
treatment described above . The compounds- identified as 
useful can be naturally occurring or synthetic. 



In another aacect. -he --van,, 
for. create a pa^t who -asT^T * a » Chod 

abnormal activity 0 * ... " * --*«-«.a..ociaeed w ich 

administering Co che" ^c,^ I"! °* by 
5 oligomerization between -.l^ Places 
-lecules that .ay ^ 
These molecules can lRclud . ^ *" '"^ C ° mplex - 

homologies thereof. " • "ort. , and Caspase-9, or 

The patient who 13 -r-a*ed -»„ k 
> associated with an abnormal -"eve! ^ 
-eluding acquired immune *.~ t 

neurodegenerative disorder a^CH ^ ' * 

±ne invention also fearv,-*« u ^ 

•poptotic cell d.«th b y ,d» lni3terl ^ „ ta<! 

compound. Presence and absence of the 

The invention also features a method of treatino . 
patient who .has an abnormally low rate of aB I, treacin 9 a 
death, ^method ia carri J _ ^^^5°^ 

?a a ::: n L a chat ^^^^^^i^- 

Tango-sad and/or Ta^o- 63a and intraceUular polypepc ^ 
chat interact with Tango- 63d or Tango- 6 3e to trance an 
apoptotic signal that leads to the cell's death 

The invention also features a method of identifying 
* compound that modulates the activity of Tango-^^ 



Tango- 53e by asseasi.-q -the ac--vi-v -f t 

Hz* complex wich =hese * ills chac 

Caspase-8-l ike polypepcxdes. TRADD or TRADD-li ke 
polypeptides, and FADD/MORT- 1 or FADD-MORT- 1 - like 
polypeptides. 

3 The invention featurea an isolated aucleic acid 

3 » "Olecule chat hybridizes under stringent conditions Co . 

ok:" a c c ne d : ol r ui : havin? che * 

Tanao's^ ^ m ° leCUle enc °^g 

Tango-63d; an. isolated nucleic acid molecule that hybridizes 

the S r in9 r C ° ndiCi0n9 C ° 3 nUCl8iC aCid -lecuL haC ng 
he nuc eotxde sequence of SEQ xo N0: 3. the isolated nuclei 
ac d molecule encoding Tango- 6 3 e; an xsolated nucleic acxd 
J -lecule that includes a nucleotide sequence that is at 

3 lease ,o%- identical to the. nucleotide sequence of SEQ id 

2S - 2* ' a0l4ted nUCl6iC aCid Tanged- 

2S . and an isolated nucleic acid molecule that induces a 

nucleotide sequence which is at least 90% identical to the 
nucleotide sequence of SEQ 10*0,3, the isolated nuceic 
acid molecule encoding Tango- 63 e. 
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a „u.l A1S ° C f nSidered WiChin ch « ««W of the invention is 
a nuclei acxd molecule that: hybridizes under stringent 

No. 98367; hybrxdxzes under stringent conditions to cDNA • 
sequence ■ contained within ATCC Accession No. 98368; is 8S% 
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identical to SEQ ID NO:l (Fig. i) ; iS 35% identical to SEQ 
ID NO:3 (Fig. 2); is 95% identical to SEQ ID NO : l ; is 95% 
identical to SEQ ID NO: 3; 13 85% identical to cDNA sequence 
contained within ATCC Accession No. 98367; is 85% identical 
to cDNA sequence contained within ATCC Accession No. 98363; 
is 95% identical- to cDNA sequence contained within ATCC 
Accession No. 98367; is 95% identical to cDNA sequence 
contained within ATCC Accession No. 98368/ hybridizes under 
stringent conditions to nucleotides 128 to 1447 of SEQ ID 
NO:l (Fig. 1); or hybridizes under stringent conditions to 
nucleotides 128 to 1360 of SEQ ID NO:3 (Fig. 2) 
Polypeptides encoded by these nucleic acids are also 
considered within the scope of the invention. 

Unless otherwise defined, all technical and 
j 15 scientific terms used herein have the same meaning as 
H commonly understood by one of ordinary skill in the art to 

- which this invention belongs. Although methods and 

U materials similar or equivalent to those described herein 

can be used in the practice or testing of the present 
3 20 invention, the preferred methods and materials are described 
: 4 herein. All publications, patent applications, patents, and 

3 other references mentioned herein are incorporated by 

3 reference in their entirety. In the case of conflict, the 

present specification, including definitions, will control. 
25 In addition, the materials; methods, and examples are 
illustrative only and are not intended to be limiting. 

Other features and advantages of the invention. will 
be apparent from the detailed description and from the 
claims. Although materials and methods similar or 
equivalent to those described herein can be. used - in the 
practice or testing- of the invention, the preferred 
materials and methods are described below. 
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.Fig. i i 3 a represencacion of che nucleic acid 
sequence of Tangoed (SEQ ID NO:l (boccom, ) and che amino 
acid sequence of che polypeptide ic encodes (SEQ ID NO-2 
(cop) ) . 

Fig. 2 is a representation of the nucleic acid 
sequence of Tango-«e (SEQ id * 0: 3 (bottom,) and the amino 
acid sequence of che polypeptide ic encodes (SEQ ID NO -4 
(top) ) . . 
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Decajled H-scri 7 r i o n 
The present invention relates to the discovery 
identification, and characterization of two nucleic acid 
- molecules that encode novel polypeptides, i.e.. Tango-S3d 

and Tango-63e. 
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Nucle i c ftcid. mqIbchi^ of Ch »- T — nr1ri 

Isolated nucleic acid molecules, as defined above 
can be cDNA. genomic DNA, synthetic DNA, or fttJA, and can be 
3 double-stranded or single-stranded (i.e., either a sense or 

an antisense strand). Fragments of these molecules, which 
3 20 are also considered within the scope of the invencion, can 
- be produced, for example, by che polymerase chain reaction 

(PCR) or generated by treatment with one or more restriction 
endonucleases. A ribonucleic acid (RNA) molecule can be 
produced by in vitro transcription. 

The nucleic acid molecules of the invencion can 
contain naturally occurring sequences, or sequences that 
differ from those chat occur naturally, but, due to the 
degeneracy of che genetic code, encode the same polypeptide. 
In addition, these nucleic acid molecules are not limited to 
sequencea chat only encode functional polypeptides, and 
thus, can include coding sequence . that encodes a 



25 



30 



22 - 



nonfunctional polypeptide, as well as some or all of the 

non-coding sequences that lie upstream or downstream from a 

coding sequence. 

The nucleic acid molecules of the invention can be 

5 synthesized, (for example, by phosphoramidite-based 

synthesis) or obtained from a biological cell, such as the 

. cell of a mammal. Thus, the nucleic acids can be those of a 

human,, mouse, rat, guinea pig, cow, sheep, horse, pig, 

rabbit, monkey, dog, or cat. Combinations or modifications 

10 of the nucleotides within these cypes of nucleic acids are 

also encompassed. 

The isolated nucleic acid molecules of the invention 

encompass fragments that are not found as such in the 

"*5 natural state. Thus, the invention encompasses recombinant 

!g IS molecules, such as those in which a nucleic acid sequence 

(for example, a sequence encoding Tango-63d or Tango-63e) is 

t - incorporated into a vector (for example, a plasmid or viral 

.'U vector) or into the genome of a heterologous cell (or the 

genome of a homologous cell, at a position other than the 

13 20 natural chromosomal location) . These circumstances are 

•* discussed further below. 

<* 

;3 In the event the nucleic acid molecules of the 

3 invention encode or act as antisense molecules, they can be 

used for. example, to regulate transcription of the nucleic 
25 acid molecules of the invention. With respect to regulation 
of Tango-63d or* Tango-63e transcription, such techniques can 
be used to diagnose and/or treat disorders associated with 
apoptotic cell death. These nucleic acids will be discussed 
further in that context. 
30 In. addition to the nucleotide sequences disclosed 

herein (see, for example SEQ ID NOs:l and 3), equivalent 
forms can' be present in. other species, and can be identified 
and isolated by using the nucleotide sequences disclosed 
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herein and standard molecular biologi-.i c H 

^mple, homologs of x anao . °'° 91 - al techniques. ?or 

ocher orgaLms T3n9 °- 63e c « * i»U« 

oligonucleotide primer pools desiLf """^ C '"° de * ene "« 
5 acid seances chat are conser ed r V" ^ ^ ° £ "*~» 
T«90-«.. Alternatively * nY" 190 *"* "* - 

Tan g o. 63d and Tango . 63e £ ^ u m s e e C d h0d USed « ^-ify human 

ocher species. The cempi aCe £or * " 1S ° laCe ho ^ g3 from 
obtained by reverse transcribing " ! reaCCl ° n can be cdna 
- example. human or non-Jan ! e "iLes^ ^ 
particularly those *now„ or 

or Tango- 63e (see the expression T Tan 9°*«d • 

example below, . The Pc7 Dro T in the 

□ sequenced to ensure that IZ \ ^ * . 

:J » presents the sequent T ^ ™ 
^fied. Tangoed and T^„" J 0 ^°'"'-- 

used in e to develop ^ mo e d ;; 3 o o h ; r th s r cie9 can be 

drug discovery. Alternatively thesl I k PUrP ° Se ° f 

•3 chereof, that retain ' ° r fra 9™ents 

- Tango- 63e , aa Z^Z^ « - 

25 The invention also encompasses. (al „™ 

vectors that contain wy of Jj;'^^" 
Ta„ g o- 63e coding sequences and/or the^r co lT ' " 
is. "ancisense- sequence, • fh » . C °^ lemenc a (chat 

contain Tangoed oTt^o « ^ rea3ion ve «°» that 
30 associated with a r eg ul«orv !l 9 <*«»«v.l y . 

expressxon o f the ^Z^T T ^ ^ 
containing Tangoed or TaJT^ eXpres3i °n vectors 

heterologous nucleic aci^l f ' acid -^cule, and . 

ic acid molecules, such as molecules. . 



encoding a reporter or r.ar>er.- and ; d) genetically 

engineered host cei*s --ar .-»,„ * , 

...ac am any of the foregoing 

expression vectors ar.d - l -e-»bv <»v— -u 

a e._oy express the nucleic acid 

molecules of che i.-.ver.cicn ir. the hose ceil. 

As used herein, regulatory elements' 'include but are 
not limited to inducible and -on- inducible promoters 
enhancers, operators and ctr.er ele,e.,ts. which are known ^ 
chose skilled m the art. that drive and regulate gene 
expression. Such regulatory elements include but are. not 
limited to the cytomegalovirus hCMV irhmediate early gene 
the early or late promoters of 5V40 adenovirus, che ' 
system, the ^ system, the TAG system, the JJJC. system, the 
major operator and promoter regions of phage A, the control 
regions of fd coat protein, the promoter for 
3-phosphoglycerate kinase, che promoters of acid 
phosphatase, and the promoters of the yeast a-mating 
factors. 



Similarly, the nucleic acid can form part of a 
hybrid gene encoding additional polypeptide sequences (for 
example, sequences that function as a marker, or reporter) 
that can be used, for example, to produce a fusion protein 
(as described, further below) . Examples of marker or 
reporter genes include 0- lactamase, chloramphenicol 
acetyltransf erase (CAT) . adenosine deaminase (ADA) , 
aminoglycoside phosphotransferase (neo r , G4l8 r ) , ' 
dihydrofolace reductase (DHFR) , hygromycin-B- 
phosphocransferase (HPH) , thymidine kinase (TK) , lacZ 
(encoding 0-galactosidase) , and xanthine guanine 
phosphoribosyltransferase (XGPRT) . As with many of the 
standard procedures associated with the practice of the- 
invention, skilled artisans will be aware of additional 
useful, reagents, for example,; of additional sequences that 
can serve the function of a marker or reporter.. 



The expression systems chat -an u ,. ri . 
of che invention .ncl.de ^ are .o^^ 
microorganisms such as bac— r-a (for , 

SacCaro^ce, and « cWj) X* ir"" 0 "' ""^ <f ° r 
"""" <* *«*"«<> «/ K Tango-O., ,. ,1,1,1 *"? 

cauliflower mosaic virus 'i~ am t/i ^ 

fTMv. , ' and Coba cco mosaic virus 

m PJ-aamid) containing Tango-S3d 

and/or Tango-63e nucleotide sequences- or JL , 
systems (for example. COS , CHO bh" 2s7 ZTT, 
WX33, and ra 3X3 cells, harboring JoLZll^ZrlssToT' 

n cells (for example, the metallothionein promoter) 
or from mammalian viruses (for example, the adenovirT a Ce 
Promoter and the vaccinia v iru3 7. SK promoter, 
can h. ' n " baCterial ^""^ * number of expression vectors 

nteln ant t T USly S6leCted dePCndin9 
intended for the gene product being expressed. For examnl* 
when a large ouantitv of ^ ^ J*™' 

xLa^r 6 " ° ° £ pta ~«'"«l- compositions of ■ 
tHhose D °1 90 "" e POlyPepCidea <~ Rising antibodies 

are readily purified can be desirable. Such vectors 



include, buc are not.Umited co , the £. cell expression 
vector PUR2 78 (Ruther ec al„ » 1:1791 In 
which che coding 3equence Qf inger ^ _ -J 3, , n 

md.vidually inco che vector ln frame with the ^ oding 
» re gion so that a fus.cn prote.n ls produced.- px7^ c or ' 
(Inouye and Inouye. Nucleic Acids Rss . 12:3101-3109 1985 
Van Heexe and Schuster. 3iol . chea . ^.^.^ ^ 
and the l lke . pGEX vectors can also be used to express ' 

10 TclTj ° lyP T lde3 " fUS1 ° n PrOCein3 Wlth ^"athione 
S- ransferase. (GST, . ^ general, such fusion proteins are 
soluble and can easily be purified from lysed cells by 
adsorption to glutathione-agarose beads followed by eLtion 
in the presence of free glutathione. The p GEX vectors are 
3 des lgned to include thrombin or factor Xa protease cleavage 

; 15 s.tes so that the cloned target gene product can be Zl ed 
^ from the GST moiety. asea 

•= ™, w , In " inSeCt 3ySCem * califoraica nuclear 

.„ polyhedrosxs virus (AcNPV, is used as a vector to express 

, foreign genes. The virus grows in Spcdopcera tngipmtdM 

b 20 cells. The coding sequence of the insert can be JlLd 
ind.viduaily into non-essential regions (for example the 

=» HIT 98ne> ° f VirU3 PlaC6d - der of an 

. 3 AcNPV promoter (for example the polyhedrin promoter, 

- Successful insertion of the coding sequence will result in 

25 xnactxvaeion of the polyhedrin gene and production of non- 
occluded recombinant virus (i.e., virus lacking che 

proteinaceous coat coded for by the polyhedrin gene, . These 
recombinant viruses are then used to infect S. rru^iperda 

30 HI c X " WhiC V h * inSerted 9ene i3 «P"3sed. (for example. 

In mammalian host cells, a number of viral-based 
expression, systems can be,u C ilized. In cases where an 

- 27 - 



p" Cei „ Products can be ^" or cleava ^> -o« 

Protein. Different hose «u 3 " ^ '""^ ° f Che 

5 specific mechanisms for che ' , CharacCer «cic and 
and modification of proteins and " 31 " 10 " 31 P««-.xng 

Unes or host £e *PP~priate 
correct modification and proces L ?° Che 
expressed. To chia end> °< Ch * foreign protein 

10 -chinery for pr^r L ^ ™ 

transcript, glycosylate an i ll T" 31 " 9 ° f the P^-ry 
Produce can be used. ^Phorylation of che gen7. 

For long-term, hioh-vi»i^ 
□ Proteins, stable expression l^t^^ °* t^***™ 

J 15 ri UnM Which express Tango 63d or T ^ Cel1 

Ascribed above can be engineered « k 9 °" SeqUencea 
expression vectors which clnll ^ Chan uain * 

replication, host celt " ^ °* 
controlled by appropriate express^n' 0 ^ ^ 
example, promoter, enhancer^!! * l — «• ■ 

terminators, polyadenyla" 1 sT^"' 

-rxer. Following , he introduction oTth' T 4 Seleccab *« 
engineered cells can be allowed IT DNA ' 
enriched media, and t hen a « ^ ^ ^ys in an 

The selectable marxer i„ th" re"^ ' 
resistance to- the selectio^ r^^ 6 Plaamid — fers 
integrate the plasmid into their chr t0 3Cably 

form foci which i„ turn can b ! el T^* 8 and ^ «=o 
lines. This method can ad^anL ? ^ int ° 
ceil lines which produ" T " Q " * C ° 

engineered cell lines can ^ Tan ^-«e. Such 

screening and evall c J n of *~«* in 

endogenous activity of "he ^ ch «- 

Y oc che gene product. 
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respectively. A l ao . antimetabolite resistLl * 

« Che basis of selection * u rS313tance ca " be used 

10 which confers LTslZT \ f ° U ° Win9 ^ *«*■ 

■ ew resistance to methotrexate /w^i 

>roc. Jcad . SeJ . ^ ~ ' 58 ■ ° »«.. « 

i » r^^r • r 2i - 2072 ' 19811 — " ar9, 

ecnt ec al. allows for the ready purifications 
frame is tranalationally fused ro a ■ W». reading- 
bu £ f. rS ; «»v,ly .iue.4 Ulth 1W dazol,-c=nt»i„i„ g 
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including fusion proceina. can be pre^ fo ^ Chere ° f ' 
— .including hut noC l imiCed J^^^* ^ 

identification of other cellule 6 
che regulation of JZ^ ^JT Pr ° dUCt3 in 
screening for c-poLL^ 1~ £ STT ^ 
disorders associated with apoptotic cell death ^ ° f 

activity of polypeptides ln the Z receptor 
and as pharmaceutical reagents a^uT^T 
such disorders. " Che Cre *tment of 

The invention encompasses orot.in. 
occurring Tango-«3d or Tanao-63* n ■ . nat urally- 

s ». polypeptide. contain ^ iti ;„ u « t t Ti of 

silent change, and thus produce a functionally eouivalen, 
tVPxcally considered as. providing a conservative . ... 
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stringent conditions zo a nucleic acid molecule having the. 
sequence of SEQ ID NO: 1; polypeptides encoded by nucleic 
acid molecules which hybridize under stringent conditions to 
a nucleic acid molecule having the sequence of SEQ ID NO: 3 ; 
polypeptides encoded by nucleic acid molecules which 
hybridize under stringent conditions to a nucleic acid 
molecule having the sequence of the Tango- 63d encoding 
portion of the clone designated ATCC accession number. 98363"; 
and polypeptides encoded by nucleic acid molecules which 
hybridize under stringent conditions to a nucleic acid 
molecule having the sequence of the Tango- 63e encoding 
portion of the clone designated ATCC accession number 98367. 

The invention also encompasses AneUudiM -that bind 
Tango-63d or Tango-63e. Antibodies that specifically 
recognize one or more epitopes of these proteins, or 
fragments thereof . are also encompassed by. the invention. 
Such antibodies include but are not limited to polyclonal 
antibodies, monoclonal antibodies (mAbs) , humanized or 
chimeric antibodies, single chain antibodies, Fab fragments, 
F(ab'), fragments, fragments produced by a Fab expression 
library, anti- idiotypic (anti-Id) antibodies, and epitope- 
binding fragments of any of the above. 

The antibodies of the invention can be used, for 
example, in the detection of various forms of Tango-€3d or 
Tango- 63e in a biological sample and can, therefore, be 
utilized am part of a diagnostic or ^JDQgnpstic technique 
whereby patients can be tested for abnormal amounts of 
Tango-63d or Tango-63e. Such antibodies can also be 
utilized in conjunction with, for example, .compound 
screening schemes, as described below,- for the evaluation of. 
the effect of test compounds on expression and/or activity 
of Tango-63d or Tango-63e. Additionally, such antibodies 



can be used in conjunction wich the «ne theranv t ., h • 
described below to , ^ cnerapy techniques 

oeiow, co, Cor example, evaluate .. n . 

Che alternate -forms described^ xn P Zl T^T""" 

ZIZIT" lnt ° PaClenC - ch. anybodies 

eP1C ° PeS ° f 7an9 °- 63d ° r T ^°-^ ^ are 
uruque. x.e., are not present on related molecules such as 
-mbers of .ch. TNF receptor superfamily (e.g.. Tor 

antxbodxes are preferably raised against a peptide sequence 
Present in Tangoed or Tango- 63e chat is not present^ 

Lt a :^r ie9> 9uch - ~ ° f - - *™ 

For the production of antibodies, various host 
animals can be immunized by injection with a peptide havina 
a sequence that is present in Tangoed and/or Lgo-^T 
„ Such host animals can include but are not limited 11 

rabbits, mice, and rats, to name but a few. Various 
adjuvants can be used co increase the immunological 
response, depending on the host species, including but not 
limited to Freund's (complete and incomplete,, mileral gels 
such as aluminum hydroxide, surface active substances such 
3 as ysolecithin, pluronic polyols, polyanions, peptiL oi l 

2 12 Tr', JC8yh0la UmPet hemOCyanin ' d ^~ol and 

potentially useful human adjuvants such as BCG (bacxlle 

antibodies are heterogeneous populations of antibody 

•nolecules derived from the sera of the i^ 2ed animals. 

Monoclonal antibodies, which are homogeneous 
populations of antibodies to a particular antigen, can be 
30 obtained by any technique which provides for the production 
of antxbody molecules by continuous cell lines in culture 
These xnclude, but are not limited to. the hybridoma 
technxque of Kohler. and Milstein (itature 25fi:495-497 
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1975; 
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and U.S. Patent No. 4,376 urn r ^ u 

ec .1.. Proc. *ael. ,ca d . Sei : CK A ^^03 ' a ' 

che EBV-hybridoma technique (Cole ec al .„ \ 

77-96. 198S). Such ancibodie 3 can be «f 1Sa '. Inc -' PP- 
class including ig G . i g „. t E £ ? !' T «°^Un 

3 ' l9A ' l9 ° and any subclass 
thereof. The hybndoma producing the mAb of this inv!l • 

, ::: er b : :ri v r ed in vicro or - — 
■es :;. ^u™ this che ~* — < 

in addition, techniques developed for the production 
of 'chimeric antibodies- (Morrison ec al., Proc . £ c /" ° 

USA, 81:6851-6855. 19 84; Neuberger ec al. £L 
^604-608, l984; Takeda ec al., ,.Le, 3! 454 19SS) 

by splicing the genes fro™ a mouse antibody moleculTof 
appropriate antigen specificity together with genes from a 
hu^ antibody molecule of appropriate biological act^cy 
can be used. A chimeric ancibody is a molecule in which 
deferent portions are derived from different animal 
species, such as those having a variable region derived from 
a murine mAb and a human immunoglobulin constant region 

Alternatively, techniques described for the 
production of single chain antibodies (U.S. Patent 
4.946,778; Bird, Science aii:423-426, 1988; Huston ec al 
Proc sci. USA 8^:5879.5883, lfti| and Zrl 

ec al., Mature 234:544-546 isaq\ , 

' can be adapted to produce 

single chain antibodies against Tango-63d or Tango- 63e gen" 
products Single chain antibodies are formed by linfcingche 
heavy and light chain fragments of the Fv region via 17 

aR,ln0 ^trfV re8Ultin9 > n * °W Polypeptide. 
Mn h tati ^ ^nt3 «h i ch.reco g ai Z e specific epitopes 
can be- generated by known techniques. For example, such 



Ir.9m.nc. melud. buc „. »„= Umic . d „, 

fronts » hlc „ can b , ' (.b , , 

9.n.„„d by reducing the disulfld> b ^ S « 

^ and 8 „ v id.ncS"":^' 1 " 5 - 12 "' »■«' » 

s - :::: ^^rri^z.^ «~ « 

■ 3 antibodies such a «, fh ' " Fully human 
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The methods described herein can be perform** f 
example by utiU.ing pre-packed diagnostic ^7 ' 
comprising, at. least one specific Tango-«d or T«g6- 63e 
nuc eotide seance or antibody reagent describeTLr n 
se ingT T conveniently, used, for example, in clin " 
settings, to diagnose patients avh^;^ 

disorders described below Wo» of Che 
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Animals, intl . Rev - /Col 

c» o bCai n additional Ski11 ^ artisans 

« -I- "Manipulating - a . , ous ^ f^' *° r Kogan 
P«ss, cold sprxng Harbor v , ,T ^ Sprin * «**^' 
Sio/Technology 9:86 ' '' "^"^fort ec al., 

1*8 S; Kraen,er er. ai ;;.. Ge ;Jr: m " er 9t * X - C ^ U=3«3. 
Mammalian Embryo- (Cold Sw . ~ ^ nipulaci °n of the Sarly 

—or. ..v.^as.^l^^Tc'" 33 ' C ° ld Spr ^ 

latent S.l7 S . 3 .s, and ^eJolt .\ ^ " -1 " U - S - 

S.175,384 < th . latter Cwo ~I C o ns ?' 
incorporated by reference, llCaCl ° n3 are 
The present invention provides f a , , 
j animals that carry the T^n^J^ tna ^ c ■ 

•jj 15 invention i„ all their cells "ansgene of the 

* the cransgene in some, but not"" ^ ««* 

invention provides for mosaic^n , M '' thw; i3 < c «e 
integrated as a single tran" ^ Cra " 39ene Can b * 

example, head.to- h eaTtaL em " " C ° nCaCame "' <~ 

1 »ei. <*» . U „„,., iMi 19 „, ° " <'"*• »««■ Ac«. 

r.<juir.d l0P h , . ™> "SulMory ,.„,.„„, 

» <"p.nd upon part!" L'T ' C a °" v *"°" «" 

be apD . tel , t co tJ1Ma o . f 3km 81 ^ « «. -ill 

■' it is Paired that rn. t 

transgene.be integrated LTL* *°' 62d °' T * n *°' 62 ' 
endogenous gene, lene tarl\ ci *o m o 90m *i site of the 

nucleotide, sequences homologous "T^T -me 
or Tango-sae- genes, are- desired ° ^ • Bd< *- n «» *ango-«d . 
integrating. . Via ^o^^f? ° f 

■logous recombination with chromosomal. 
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sequences, into and disrupting the function of the 
nucleotide sequence of the endogenous Tango-63 gene. A 
transgene can also be selectively introduced into a 
particular cell type, thus inactivating or "knocking out" 
the endogenous gene in only that cell type, by following; 
for example, the teaching of Gu et al . (Science 265 : 103-iQfi . 
1994). The regulatory sequences required for such a cell- 
type specific inactivation will depend upon the particular 
cell type of interest, and will be apparent to those of 
skill in the art. 

The level of mRNA expression of the transgene in the 
tissues of the transgenic animals can be assessed using 
techniques which include but are not limited to Northern 
blot or RNAse protection analysis of tissue samples obtained 
from the animal. 

Use Of the Nucleic Acids. Polypeptide ^ 
Antibodies of the Invention in the Diaonr^j? 
Treatment of Disorders associated with Ap Q ptoti c 
CeU Death 

As described herein, the nucleic acids, 
polypeptides, antibodies, and other reagents of the 
invention can be used in the diagnosis and treatment of 
disorders associated with apoptotic cell death. In general, 
disorders associated with decreased cell death are those in 
which the expression or activity of Tango-63d and/or 
Tango-63e can be insufficient. Thus, these disorders can be 
treated by enhancing the expression or activity of Tango-63d 
and/or Tango-63e. Conversely, disorders associated with 
increased cell death are those in which expression or 
activity of Tango-63d and/or Tango-63e is excessive, and 
which would respond to treatment regimes in which expression 
or activity of these genes is inhibited. The disorders 
amenable to treatment will first be briefly reviewed and a 



discussion of cheraneur « - 



apoptocic cell a .. cft . .saoci.ced with 



If on. en determine whether . disorder is 

2 "" 33 :i: Cel r d6ath be 3tUdied whether 
, Tango-«3d or Tango- o. are eicher overexpressed or 

, undepressed in che affecced cissue. The expression 

, levels can be compared from cissue co cissue within a sincle 

: ch a :: e is c 'iu :r en tis — ^ — *~ . pad: 13 

3 chat 13 m and one or more paciencs who are well, if ic is 
□ dece^^ chat eicher Tango . 63df Tango . 63ef ^ bQth 

.« her overexpressed or undepressed, ic can be said chac 
the disorder should be. amenable co one or more of che 
2 5 treatment methods disclosed herein, 

Diagnostic methods in which Tango-S3d and- Tango-63e 
are detected in a biological sample can be carried out, for 
example by amplifying Che nucleic acid molecules wichin che 
30 7 (the eXperimental enfcodimenc set forth in 

" '.I 8 *' T' PaCSnt «*' *'<»^> ^owed by 

well Z amPUfied m ° XeCUle8 Uain * techniques 

well known to those of skill in the art. For example^for 
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screening assays for therapeutic compounds on detection of 
Tango-63d polypeptide or Tango-63e polypeptide. Such assays 
for Tango- 63d polypeptide or Tango -S3e polypeptide, or 
peptide fragments thereof will typically involve incubacirg 
a sample, such as a biological fluid, a tissue extract 
freshly harvested cells, or lysates of cells which have been 
incubated in cell culture. ia the presence of a decectably 
labeled antibody capable of identifying these gene products 
(or peptide fragments thereof) . and detecting the bound 
antibody by any of a number of techniques well-known in the 



art . 



The biological sample can be brought in contact with 
and immobilized onto a solid phase support or carrier such, 
as nitrocellulose, or other solid support which is capable, 
•jj IS of immobilizing cells, cell particles, or soluble proteins. 
;J] The support can then be washed with suitable buffers 

,Z followed by treatment with the decectably labeled antibody 

J or fusion protein. The solid phase support can then be 

washed with the buffer a second time to remove unbound 
3 20 antibody or fusion protein. The amount of bound label on 
■ 4 solid support can then be detected by conventional means . 

2 By " 3olid Phase support or carrier- is intended any 

£ support capable of binding an antigen or an antibody, Well- 

known supports or carriers include glass, polystyrene, 
25 polypropylene, polyethylene, dextran. nylon, amylases, 

natural and modified celluloses, polyacrylamides , gabbros. 
and magnetite. The nature of the carrier can be either 
soluble to some extent or insoluble for the purposes of the 
present invention. The support material can have virtually 
any possible structural configuration so long as the coupled 
molecule is capable of binding to an antigen or antibody. 
Thus, the support configuration can be spherical, as. in a 
bead, or cylindrical, as ' in the inside surface of a test 
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tube, or the external surface of a -rod. Alternatively, the 
surface can be flat such as a sheet, test strip, etc. 
Preferred supports include polystyrene beads. * Those skilled 
m the art will know many other suitable carriers for 
5 binding antibody or antigen, or will be able to ascertain 
the same by use of routine experimentation. 

The binding activity of a given lot of 
anti-Tango-63d or ant i -Tango- 63e antibody or fusion proteins 
containing these polypeptides can be determined according to 
10 well known methods. Those skilled in the. art will be able 
to determine operative and optimal assay conditions for each 
determination by employing routine experimentation. 

With respect to ^ntibodies, one of the ways in which 
% the antibody of the instant invention mit% <*etectably 

;4 15 labeled is by linking it to an enzyme for use in an enzyme 
U immunoassay (EIA) (Voller, A. , "The Enzyme Linked 

,S Immunosorbent Assay (ELISA) " , 1978 , Diagnostic Horizons 

ti 2.: 1-7, Microbiological Associates Quarterly Publication, 

Walkersville, MD; Voller et al., J\. Clin. Pathol. ii:507- 
3 20 520, 1978; Butler, Meth. Bnzymol, 21:482-523, 1981; Maggio, 

E. (ed.), "Enzyme Immunoassay, " CRC Press, Boca Raton, FL, 
3 1980; Ishikawa, E. ec al . , (eds.), "Enzyme Immunoassay," 

Z K * aku Shoin, Tokyo, 1981) . The enzyme which is bound to the 
antibody will react with an appropriate substrate, 
preferably a chromogenic substrate, in such a manner as to 
produce a chemical moiety which can be detected, for 
example, by spectrophotometric, . fluorimetric or; by visual 
means. Enrymea which can be used to detectably label the 
antibody include, but are not limited to, malate 
dehydrogenase, staphylococcal nuclease* delta- 5 -steroid 
isomerase, yeast alcohol dehydrogenase, alpha- 
glycerophosphate, dehydrogenase, triose . phosphate isomerase, 
horseradish peroxidase, alkaline phosphatase, asparaginase, 
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glucose oxidase, beta-galactosidase, ribonuclease , urease, 
catalase, glucose-6-phosphate dehydrogenase, glucoamylase " 
and acetylcholinesterase. The detection can be accomplished 
by colorimetric methods which employ a chromogenic substrate 
for the enzyme. Detection can also be accomplished by 
visual comparison of the extent of enzymatic reaction of a 
substrate in comparison with similarly prepared standards. 

Detection can also be accomplished using any of a 
variety of other immunoassays. For example, by 
radioactively labeling the antibodies or antibody fragments, 
it is possible to detect Tango-63d and Tango-63e through the 
use of a radioimmunoassay (RIA) (see, for example, 
;3 Weintraub, B. , "Principles of Radioimmunoassays, Seventh 

.3 Training Course on Radioligand Assay Techniques," The 

.'jj 15 Endocrine Society, March, 1986, which is incorporated by 

reference herein) . The radioactive isotope can be detected 
~ by such means as the use of a gamma counter or a 

:i scintillation counter or by autoradiography. 

^ It is also possible to *«b*l.£ha antibody with a 

Z 20 XiuorescanCaCoapound. When the f luorescently labeled 
£ antibody is exposed to light of the proper wavelength, its 

lj presence can then be detected due to fluorescence. Among 

the most commonly used fluorescent labeling compounds are 
fluorescein isothiocyanate, rhodamine, phycoerythrin, 
25 phycocyanin, allophycocyanin, o-phthaldehyde and 
f luorescamine . 

The antibody can also be detectably labeled using 
fluorescence emitting metals such as l "Eu, or others of the 
lanthanide series. These metals can be attached to the 
3 0 antibody using such metal chelating groups as 
diethylenetriaminepentacetic acid (DTPA) or 
. ■ e thylenedi amine tetraace tic acid (EDTA) . 
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The *ncibody also can be detactably labeled by 

.coupling ic co a chemilummescent compound. The presence of 
che chemilumir.escenc- tagged antibody is'chen determined by 
dececcing che presence of luminescence chac arises during 
the course of a chem 1C al reaction. Examples of particularly 
useful chemiluminescenc labeling compounds are luminol, 
isoluminol, theromatic acridimum ester, imidazole, 
acridinium sale and oxalate ester. 

Likewise, a bioluminescent compound can be used to 
label the encibody of the present invention. 
Bioluminescence is a type of chemiluminescence found in 
biological systems in, which a catalytic protein increases 

3 the efficiency of the chemiluminescent reaction. The 
,3 presence of a bioluminescent protein is determined by 
' n IS detecting the presence of luminescence. Important 

4 bioluminescent compounds for purposes of labeling are 
;- luciferin, lucif erase and aequorin. 

sci11 fu "her, the invention encompasses methods and 
| 3 compositions for- the treatment of the disorders described 

20 above, and any others that are found to be associated with 
apoptotic cell death. Such methods and compositions are 
□ ' "P** 1 * of^abffiilating the level of expression of Tango-63d 
- Tango-Sia and/or the level of activity of the gene 
TSJf&ducts . 

Numerous ways of altering the expression or activity 
of the polypepcides of the invention are known to skilled 
artisans. For example, living cells can be transfected 
in vivo with the nucleic acid molecules of the invention (or 
transfected in vitro and subsequently administered to the 
30 patient). For example, cells can be transfected with, 
plasmid vectors by standard methods including, but not 
limited to, liposome- polybrene-; or DEAE dextran-mediated . 
transfection (see. e.g.. Feigner et al.. Proc. Natl. Acad. 
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Sd. USA 81:7413. 1987; Ono et *1 » 

el e = C rop 0racion(Neuma ^; -J ed -^- ^ = -3, i 989)( ■ 
calcium phosphate or^n^ 2:841 ' 1980 > > 

- ""Plemne.ry co th. watt molMul.. o. ^ 

oligonucleotides must be specific 

N0s:8, 9 in and „ aisciosed herein as SEQ id 

bind!., t.ngo.«d or T.„ 9 .. S3 . J^^^ s "«"=«"v 

5 ' "GTTCTGTCCCCGTTGTTCCAT-3 ' fqpn rn / 
clement o f ,_^\*» ^ ™ ^ 

Present in Tango . S3 e : S.-^^™ 
K0 ^ ,; Md ^-^TCACC0ICTCCTCC,C.3. (SEQ ID N o!u, 

/* 
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Absolute complementary- v a ^K« w 

^*u ltC utar../, although oreferr»H . „ 

required. A sequence ••complementary- " a ' "° C 

SNA. as referred to h . r ., n " ™ ? "° ' P ° rC1 ° n ° f an 
sufficient complementa;::"-, abl ^ 
S HNA. forcing a stable d^W 7 ^ " «- 
antisense nuclexc acxds. VL g Vs' ranTof TT'^^ 
can thus be cesced. cr - — « °' ^ dUPle * DNA 

•pu. .... ---.— ex ^macion can be assayed 

acid. Generally. che longer :he hybrldi , . 

ZiTtjt mis ~ with an «■* ic - con t ai; an : ' 

still form a stable duplex (or 'riclex a, ri. 

One s*i lle d ln che m _ Mcw ^«- e - ^ ^ - *> ■ 

2 is ::^r h by use ° f 3cand ~ d - decerL? of 

;3 15 melting point of che hybridized complex. Antisense 

.n oligonucleotides complemencary co 

j less efficient inhibitors of translation thj 

•U oligonucleotides that are complementary to 5'- or 2- 

; -translated sequence, but could be used in accordance with 

* be at least six nucleotides in length, and are preferably 

3 1 LT Cl r CidM ran9in9 fr ° m 6 C ° ab ° UC 50 -'eotideTL 
2 el ; 0 f PeCifiC aSPeCC3 ' Che ol ^-ucleotide is at 

least xo nucleotides, preferably at least 17 nucleotides 

P««erred that «• vitro studies are first performed to 

30 i^l eh " billt » ° f the antisense oligonucleotide to 

30 inhibit gene expression. It is preferred that these studies 
utilize controls that distinguish between antisense gene 
inhibition and nonspecific biological effects of 
oligonucleotides, rt is also preferred that these studies 
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compare levels of -he cargec rna or - rnr 

internal control rna or Jl ^ ° f an 

envisioned that results ocelli AddlCi ° na11 ^ " - 
oligonucleotide are co^pa ^ ^sY V^""" " 
S control oligonucleotide * c ls " f ! USin9 3 

oligonucleotide 13 of ^^^^l 
test oligonucleotide and t^t -he ' T ^ M Che 

oligonucleotide differ -k •• UCieoClde sequence of ch e 

Chan is necessary to prevent ^^ T^'™ °° "°" 
10 target sequence. *P«ci*ic hybridization to the 

The oligonucleotide can be modified at eh. h 
-iety, sugar moiety, or phosphate ^ for i 
improve stability of the molecule hv !^ M ' ^ * X *«P^. to 
oligonucleotide can include oth ^eT^"' ^ ^ 
» Peptides (for example, for targeting hos C IT*" " 
in vivo) . or agents facilirJ " rece P to « 

.embrane (see.'for J^^CT^T ^ ^ 
Acad. Sci. USA a£:S553- 6 55 S 19fl9 , ^ 
Acad, sei. tW* 84 648 6S2 10a T" re " Pr ° C - 
o mo. woaa/09810 publish 11 '' PCT Publi ""on 

brain barrier sef L " 15 ' 198a) ~ Che bl °°«- 

" er (see, for example, pct onhn^.- 

Nb. -O.9/10134. pubUshed A^il „ l,^ ! 

Jiggered cleavage agents , S ' i" ^"dization- 

S for example, Zon t lnt ««latihg agents (see, 

* », Mn, Pliant. Res. s_: 539-549 iqa'ai 

end, the oligonucleotide can hi „" T ° Ch " 

molecule, f or examnl! ^ Ca ° be con ^gated to another 

cross-li^ a^nt era h ^^ion triggered 

one mod^^e^r " ^' 

' lodour *«l. hypoxanchine, xantine, 
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oligonucleotide is a 2 ' -o m*-u 1 ^ 
5 Oligonucleotides nf 

exan^ea. phoaphorothio.ee oUgonucUoL.^.T* ' 
10 aynthe.ized by tSe h d e » =•» b« 

prepared by u.. of controlled pore 01^001" 

<Sari„ et .1. , P „ c . „ 1CJ . A J JttZZLT*' 

>3 1988), etc. 85.: 7448-7451, 

15 The anci sense molecules should j , • 

t -hich exprea, Tan90 . 63 , » 

=f method, have b..„ developed f " !., ° 
=r on e „ eeU , ; ( „ £ ° r del *"«'«9 antiae„a, DMA 

;rr ■—«*■. *«*- «. ^c - t£s =tUl 

2 «■» targe c.u ,„ 1 "°T S " - 

2S i„tr,*.rtT di " 1 =!' 1 ' • " achieve 

:u™ «^™;"7 - Ch. antiaena. , uttlcltat co 

will result in ehi cells in che patient 

- SO - 
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and chereby prevent translation of ch * r, 

Tangb- 63 e m**. For example> ^ ana/or 

i- ««> such t h at ic ls caken up 

transcription of an antisense s " ^ Che 

S episomal or become ^7^71 

can be transcribed to produce eh. „ ! 9 33 1C 

t.chnology method. standard ln cn , „ " C ° ra 

PL-id. virl. or oche „ c \" «t " 66 

" « „d e*pr e3 , lo „ U « I^^r^" 

•« a- encoding t„e anciaense RHA can biT" 1 " 

promoter known in the art to ■ by any 

*~ cells, such pro^; ca " " ^« 
constitutive. Such promoters include but are L c x • • 
;3 15 to: the SV40 early promoter region (BerToiL T 
■j\ mature 2^:304-310, i 98 l) che T (Bernoi « and Chambon, 

"i long terminal repeat o Ls sar C ° ntained in the 3 ' 

3 Cell 22:787-797, c L h ^ « ' 

* (Wagner et ^.S^^ ? ™ 

3 20 19811 ' ^eory seances of che Z^olT^' 

- (Brinster et ai: , „ ature ^..^ hl ° nein * ene 

- Any type of plasmid, cosm^ H C o ' r ' ^ S ° f ° rth - 
to Prepare the recombinant DNA tZ^J^^J* 
introduced directly into the tissue site- for f 
choroid ple3aj8 o, hypothalamus, ^n: ;' 

example, systemically) 
Methods of designing antisense nucleic acids and 

incorporated ty ^ r :L - hmty. 
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Alternatively, the nucleic acid molecules of the 
invention can be administered so chat expression of che 
Tango-63d and/or Tango-63e occurs in cissues where it does 
not normally occur, or is enhanced in cissues where it is 
normally expressed. This application can be used, for 
example, to suppress' apopcocic cell death and thereby xreac 
disorders in which cellular populations are diminished, such 
as chose described herein as "disorders associaced with 
diminished cell survival." Preferably, che therapeutic 
nucleic acid (or recombinant nucleic acid construct) is 
applied to the site where cells are ac risk of dying by 
apoptosis, to the tissue in the larger vicinity, or to the 
<3 blood vessels supplying these areas. 

3 Ideally, the production of a polypeptide that is a 

j IS form of Tango-«3d or Tango- 63e (including forms that are 
■A involved in mediating apoptosis) by any gene therapy 

approach described herein, will result in a cellular level 
of expression that is at least equivalent to the normal, 
cellular level of expression of Tango-63d or Tango-63e. 
Skilled artisans will recognize that these cherapies can be 
■* used in combination with more traditional therapies, such as 

; 3 surgery, radiotherapy, or chemotherapy. Accordingly, and as 

described below, the invention features therapeutic 
compositions chat contain the nucleic acid molecules, 
25 polypeptides, and antibodies of the invention, as well as 

compounds that are discovered, as described below, to affect 
them. . 
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ap«ci£io«ll y iind -Sango-434 *nd /or T ' " \ L ~ L,Z 

5 air ch : °— ~ — ^ ™ ds 

Tango-63e can be adnumstered. to a. patient at 
dL?r CiCaUy -"-ctiv doses co treat or ameliorate 
. disorders associated with apoptotic cell death A 
therapeutically effective dose refers ta fllfl 

disorders associated with apoptotic cell death. 
Effecelw fv^- 

:3 Toxicity and therapeutic efficacy of a given 

compound can be determined by standard pharmaceutical 
;n « procedures, using either cells in culture or experimental 
^ a-mals to determine the U>„ (the dose lethal Tso % of th 

■g Population, and the ED „ (the dose therapeutically effect 

r " S0% ° f • The dose raL betwe^ tox"^ 

a therapeutic effects is the therapeutic index and it be 

- zrr aa che rati ° ld " /ed - -™ ^ c 

3 haTexh Iinr 0 lnd f M ^ PrefSrred - MhUe ^o-d3 

- aken ^ h • e " eCtS CM be U3ed ' should be 
taken to design a delivery system that targets such 

as ZZT 3 C ° Site ° f af f ected tiaaue in to 

minxmaza potential damage to unaffected cells and, thereby 
reduce the danger or severe side effects. che "by. 
The data obtained from the cell culture assava *„h 

animal studies can be used in formulating a range "donate 
for u 3e in human3 . The dogage of 3uch * ^ J* of dosage 

wTl WiChln * " n9e ° f Ci " Ul "^ -centr t ons that 
include the ED,,, with little or no toxicity. The dosage can 
vary within this range depending upon the dosage fol 
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compound and a salable P cvder base such 

search. cn a9 la <=tose or 

The compounds can be tf :^t. raH ^ 

adnunistration by m^ec^n '° r 

/ ^ijec.i w n, -3r example, bv hnh. a • 

present ln ^ iossg , «« ■» 

in ™i E1 . doa . contai3er3 . „ lc _; "7' e - " or 
"TOitlM. can «*. such -™ f"«"«iv.. The 

^ - a«. r . ^ 

The compounda can also be formulated in rectal 
•J 15 compoaxtiona such as. auppoaxcories or retention 
* example, containing conventual suppoa o~ b l ^ 

i cocoa batterer other glycerides. PP ° 31COry ba3M 9uch - 

,11 in addition to the formulations deacribed 

Piously, the compounda can also be for^la ted ag a d 
Preparation. Such long acting formulationa c an be ^ 
administered by" implantation (for examni. I 
i^acularly, or by i^^T^^' 
example, the compounds can be formulated with auita^l* 
Polymeric or hydrophobic materials (for exa^le as « 
emulsion in an accentahl. „n > 48 M 

soluble salt. example, as a sparingly 

™i n r C ht ™ r v* ^ ■ 

U " W ^ »» »=* dlsp.„ 5 , r deTice e ' 
acceded, by .haeruc, lM s for •auni.K.eJT 
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' The therapeutic compositions of the invention can 
also contain. a carrier or excipient. many of which are known 
co skilled artisans. Zxcipients which can be used include 
buffers (for example, citrate buffer, phosphate buffer, 
acetate buffer, and bicarbonate buffer), amino acids, urea, 
alcohols, ascorbic acid, phospholipids, proteins (for 
example, serum albumin) , EDTA, sodium chloride, liposomes, 
mannitol, sorbitol, and glycerol. The nucleic acids, 
polypeptides, antibodies, or modulatory compounds of the 
invention can be administered by any standard route of 
administration. For example, administration can be 
parenteral, (for example, intravenous, subcutaneous, 
intramuscular, intracranial, intraorbital, opthalmic, 
intraventricular, intracapsular, intraspinal, 
A 15 intracisternal. intraperitoneal, or transmucosal 
\j administration) or oral. The modulatory compound can be 

I" formulated in various ways , according to the corresponding 

route of administration. For example, liquid solutions can 
" 3 be made for ingestion or injection; gels or powders, can be 
made for ingestion, inhalation, or topical application. 
Methods for making such formulations are well known and can 
be found in, for example. "Remington's Pharmaceutical 
Sciences." It is expected that, the preferred route of 
administration will be intravenous . 

It is well known in the medical arts that dosages 
for any one patient depend on many factors, including, the 
general health, sex, weight, body surface area, and age of 
the patient, as well as the particular compound to be 
administered, the time and route of administration, and 
30 other drugs being administered concurrently. - 

Dosages for the polypeptides and antibodies of the : 
invention will vary, but a preferred dosage for intravenous 
administration is approximately 0.01 mg to 100 mg/ml blood 
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volume. Determination of the correct dosage within a given 
therapeutic regime is well within the abilities of one of 
ordinary skill in the art of pharmacology. . Skilled artisans 
will be aided in their determination of an adequate dosage 
5 by previous studies. For example, Abraham et al. (J\ Amer. 
Med. Assoc. 223:934-941, 1995) administered TNF-a monoclonal 
antibody CTNF-or-MAb) at doses ranging from 1 to 15 mg/kg. 
The antibody was well tolerated by all patients, even though 
they developed human antimurine antibodies; no serum 
10 sickness-like reactions, adverse skin reactions, or systemic 
allergic reactions developed. Similarly, Rankin et al. 
(Br. J . -Rheumatol. 24:334-342, 1995) administered a single 
, 3 intravenous dose of 0.1, 1.0, or 10 mg/kg of an engineered 

.2 human antibody, CDP571, which neutralizes human TNF-cr . Both 

: jj 15 studies describe in detail how to evaluate patients who have 
s| been treated with antibodies. 

V 

Identif ication of Compounds that mediate 
Oligomerization between Polypeptides within a 
Tanao-63d- or Tanao-63e-containino Complex 

20 It has been shown (see Background of the Invention) 

q that apoptosis can be induced by the formation of specific 

13 .complexes of polypeptides, for example those that assemble 
when TNFR-1 or the Fas receptor are bound. Given the 
conservation between the intracellular domains of -TNFR-1, 

25 Tango-63d, and Tango- 63 e f the same or similar polypeptides 
may assemble with Tango-63d or Tango-63e. Therefore, 
apoptosis can be inhibited within a cell that contains 
compounds that specifically inhibit interaction between 
Tango-63d and/or Tango-63e and polypeptides that would 

30 otherwise assemble to form a complex with these 

polypeptides . fl tivra aly, **popeOTi* ^emn'^Ee ^tltmslated 
within -a -«ujitain±ng cwnpounds that specifically 
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interaction between Tangoed and/or Tana. 
more. additional polypeptides. Accord, T ^ ° M ° r 
Matures a method for treat- M ACC ° rdlngl y< ^ invention 
associated with an ahnor.anVhxTratT T ^ ' 
death by administering to the oTielT ^ 
inhibits oligo-nerization between ^an * ChaC " 

other polypeptides. Patien I ho su^ ^ " ™-»- «- 
abnormally iow rate of aooptotic ceU d fr ° m *" 

chat ~ 

interaction between either T,™ *" Crease or decrease the 
-ocher polypes. ^ „„„„„ *»■« 

Presence and o£ :j; e r '"7 he '» 

aecantly., compound. than „,„ conplex... 
«*«. w. d«J„H t Penetrate the ceil 

*» 3pec ifl „u y . ™ « t ? c ? c pr °" ins - 

oli 9 c<»rl..tic„: of celi .urf.I! """"* ^"'"Uui.r 

^r.ceUui.r ,^T2 I Tnc' 
" »>.10>..> m . 1993 , reported ^t W " ' SCi '° Ce 
=P.ci fic tarsee o.„. e etivaci : n n . 

um.eis.ur. propo, M C h. „„ of e T,. """ 

use of th..e lijMd, .vherever 
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precise control of a signal --rar.sduct.cn oathway 13 
desired." For further 3 uidan=e la sjl . use of 
ligands co induce dimension cf ? „ceins. see 3e lshaw 
ec al. (Proc. tfatl. Acad. s« . 93:4604-4607, 
approach can be used to „duce intracellular oligomer' 
within a Tango-63d- or -i- I0 .^ a ^^„. 

a - a -"3°- = 3e-concaining complex. 

10 ,h , . l3 ° laCi0n ° f che »««l-ic «cid molecules deserved 
above (i.e. those encoding Tango-63d and Tango-63e, also 
facilitates the identification of compounds that can 
increase or decrease the expression of these molecules 
□ « vxvo. To discover such compounds, cells that express 

J T«go-«d and/or Tango- 6 3e are cultured, exposed to a est 

< Tango-63d and/or Tango-63e expression or activity is 

compared with the .level of expression or activity in cells 

hat are otherwise identical but that have not been exposed 
to the test compound (s, . Many standard quantitative assays 
of gene expression can be utilized in this aspect of the 
invention. Examples of these assays are provided below 

In order to identify compounds that modulate 
expression of Tango-63d or Tango-63e (or homologous genes, 
the candidate compound (s) can be added at varying 

" Tanoo n «r 0n : " ^ ^ ° f cW1 « Ch " 

Tango-6 d or Tango-« e . as described above. These comoounds 

can include small molecules; polypeptides, and nucleic* 
TeiTur^f eXPre33i ° n ° f Tan9 °- 63d and T ^o-63e is then 

30 Z eXamPle ' ^ N9rthern bl ° C ' PCR «*ly— or 

30 RNAse protection analyses using a nucleic acid molecule of 
the invention as a probe. The level of expression of the 
polypeptides of the invention in the presence of the 
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Human prostate eDichpliai ^ n 
aon«fc, corpora ^ ° b "'»« '« 

r , ^ tneuai Growth Medium { PrEGM - 

Clonetics) accordino rr> ~ A , ' 

5 When , he recommendations of the sunplie^ 

wnen che cells reached 80% conf'upnr. ,u " H 

ow-o --nt.uence. chey were cu 1 tursH 
Prostate Basal Media (Clonecicsi # ar „ stared _ n 

ceus h ^ --Z^-- 

. ~™ - — ?urified U3ing 0 ; — i - ada 

cDNA i J^" " 9 ° f P ° lyA ' ^ We " USed Co ^thesize a. 
cDNA library using the Superscript™ cDNA synthesis kit 
j (Gxbco BRL. Gaithersburg. MD, . Co mp le m entary DNA was 

■ ;r™ a v:r into che expression pi1 - ^ — 

" Us^ r 31CeS ln <° construct a 

" ial e7 "r^ 1119 - AddiCi °-^' Prostate cDNA wa 

■3 ,„ ,n ! 1 SaiJ/WotX 3 "«3 of the ZipLox» vector 

; . - (Glb co s*u £ cona Qf a ^ ^ 

O in the nt f0rmS ° f Tan9 °- 63 have b - n identified 

- x» the prostate cDNA library through EST sequencing and 

" a S L r !r 9 , °' , * Umbda Ph39e Ubrary f « Che mutton of 
additional clones <Tangb-«d and Tango-63e> . Tangoed 
encodes, a polypeptide of 440 amino acids (encoded by 
nucleotides 128 to U47 of SEQ ID NO: l and shown i n Fig 

ncodt Z g °'T enC ° de3 3 POl ^ tid « of «« amino ac!ds 
(encoded by nucleotides 128 to 1360 of SEQ ID NO: 3 had 
Shown in Fig . 2) , The polypeptide encQded T 

30 identical to that encoded by Tangoed, with'the Lc i on 

of the deletion of amino, acids 183-2U (encoded by 
nucleotides 6 77-7 60 , in the Tangoed sequence. The deleted 
amino acids are those just amino- terminal to the 
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transmembrane domain in Tanao-^H 

-e novel polypeptides z^^^'™"* Tan9 °-°' 3e 
cumor necrosis factor -n F) ^IIT ° f Che " 

" ,F) - ec 9?cor superfamily 
The members of the — 'IFP -«,,-,«„.. 

their extracellular don..-, and - rTO " ln 

TNKR-1 also share an t "ace* 'u ar '* 
^gnated che^death ^'^^ ^ 
s^nal apoptosis (Icoh and , aga I T « oI a* 11 "* " 

o 10937. : 993) . A3 de3Cribed aD g ove .; a*«".3a- 

suggests chat both receptors xnce^cc vxchT T ***** 
signal- transducing ,olecuies. "laced sec of 

Tissue Diaenhnr^p ~ c . -^.^ 

The expressxon of Tango-63 (which 13 subsequently 
» alternately spliced to produce the novel polypep^d ' of 
Che invention. Tango-63d and Tango- S3 e> — !^ ' 

~„ biochybrWization . A i 22 Z~,7?rL2?l 

; , was generated using PC* with the following two ^ 

2 >o ■ -^r^t::: ^ (5 '- at ^™a G .3. (seqid 

«v.o; ( nucleotide positions i?fl.ue < _ « 

/e , ^ Uion3 in Tango-63d) and r pu-> 

;3 ( 5 ' - TTCTTCGCACTGACACAC - 3 ' (SEQ ID N0 :7, , r^r."LZl. 

3 complement to nucleotide positions SH^HolTSSgo.Md for 
use as a probe. The DNA was radioactively label" ' P 

25 acT Prlme - rt " (S — gene. L a JolU , £ ? 

according to the instructions of the supplier FUc^l 
containing human mRNA (MTN! and MTNII f rom ciontech, Palo 

^o;te^M Wer : Pr ° bed in hybridization solution 

(Ciontech) and washed at high stringency. More 

3 0 ":E! iftCaUy ' WaSh - "rried out by submerging the 

30 fUters x„ 2X SSC . o.os* SDS at SS-c (2 x 20 minLs, and 
then xa-O.lx SSC. 0.1* SDS aC SS-CH X 20 minutes) 
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■gawgo ^a-^ ^KpBM,^ as a 4.2 kilobase (kb) 
transcript including 

. inte.cme. .ocUoa, ..and per^exai blood leucocytes 
Expression of Tango-63 was also detectable in the^«; but 
at significantly lower levels than xn other tissues 
Additional, but fainter, bands at about 2.2 kb and 
1.0 kb (-k-i^scle. were also observed. These bands 
could represent additional forms of Tango-63, degradation 
products, or cross-reacting mRNAs. 



3 An assay for Tango-63d- or Tango-63e-mediated 

.Jj 15 apoptosis can be used in screening assays to identify 
i compounds that increase or decrease the degree of apoptosis 

- within a population of cells. The compounds identified 
using these assays can alter the degree of apoptosis by 
; altering the expression of Tango-63d or Tango-63e the 

; A 20 activity of Tango-63d or Tango-63e, or the way in which 

Chese polypeptides interact with other polypeptides 
£ Compounds identified in these assays can be used as 

therapeutic compounds to treat disorders associated with an 
abnorma l rat e of apoptosis. 

2S ^ <rf/-tpQptoai., particularly when apopto.i. is 

loadiated iV *T«rt W tld...i a she WP raptor «uperf amily. 
9en*r*Xly eaploy,*B antibody directed agalnat tha ' 
polypeptide, .idxich. upon .binding,, initiatae apoptoais 
Alternatively, an assay that requires only overexpression of 

30 the polypeptide of interest can be performed. An example of 
such an assay is described below. 
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The activity of the polypeptides of the invention 
can pe assayed via a cotransf ection assay that is based on 
co-uptake (transf ection) with plasmids that encode a 
polypeptide of the invention. The assay described below is 
based on the observation that overexpression of TNFR-i 
DR-3. and several other death inducing molecules, such'as 
Caspases. is sufficient to cause apopcoais in the absence of 
other stimuli, 'the assay, described below demonstrates the 
ability of the novel polypeptides of the invention to 
diminish the number of cells surviving in culture by 
activating apoptosis. 

0-galactosidase expression assays were performed 
essentially as described by Kumar et al. (Genes & Dev 
a 1=16X3-1626.1994). SW480 cells, derived from a human colon 

,3 15 carcinoma, were cultured in Dulbecco's modified Eagle's 
jj medium (DMEM) , high glucose, supplemented with 10% fetal 

W calf serum and 100 M g/ml each of penicillin G and 

:;- streptomycin. The cells were seeded at a density of 3 X 10' 

cells/well on 6-well (35 mm) plates and grown in S% CO, at 
; 20 37o C . The following day. the cells were transfected with 
I 0.S „g of pSV/J (Clontech). which carries an insert encoding 

■j 0-galactosidase, and 2.5 M g of either a control or an 

;; 3 experimental plasmid using Lipofectamine- reagent (Life 

Technologies) and Opt i -MEM- medium (Life Technologies) . The 
experimental plasmids contained inserts encoding Tango -63d 
or Tango-fi3e; the control plasmids were otherwise identical 
except the Tango-63d or Tango- 63e inserts were absent. 
Thirty-six hours following transf ection. the cells were 
rinsed twice with phosphate-buffered saline (PBS) , fixed, 
and stained for 6 hours or more at 37«C. If .desired, the 
cells can remain in the staining solution at room ' 
temperature for longer periods of time. The staining 
process consisted of exposure to 1% X-gal, 4. mM potassium 
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ferr.cyaiude, and 2 mM magnesium chloride in PBS Afcer 
scaxnmg. che cells were examined with a liah, 
for che appearance of blue color irli rl mi «°«°P* 
cransfection indicating successful 

^^^^^^^ 

in each well or by counting the ^l^^ ^ 
m each well. .Jn^w^^..^.., Cells 
Tangoed or Tango-«e caused 

che nunfcerof ,- gal po.^. ^ remaiaiag ^ ^ - 

'1 SETS™" " ^ «-r _ exaCTtr 
^ &^*g* ^.^WVAK*) . Cell death can also be 

'I Ch e the Wh :e n uI OWth 'T 0 " " e Withd "- f ™ «*. -dium in 

which the cells are cultured. Additional inducers of 

b 20 apoptosis include heat shoe*, viral infection, bacterial 

toxins, expression of the oncogenes myc. rel. and E1A 
h eXpi * S9ion of tu«r suppressor genes, cytolytic T celis 

;3 oxidants, free radicals, gamma and ultraviolet irradiation 

, .-amyloid peptide, ethanol. and . che^therapeuti age^ Ich 

III ? ' d ° XOrUblCin ' « ab -«ide, nitrogen ZZl 
methotrexate, and vincristine. 
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gX a "*Plr J, 
Recomfrjnapr 7^ r ^ 17 i 

A vector for expression - an ' 0 ~ 7P|11: 

v-cor pco NAI / Amp !:nvu ; g ; ^"ir fce prepar * d • 

SV40 orig ln of „pli-«i c " ^ lnClude3 = * 

« con r e P uca p c ::: c gi r m * — 

polylinxer regxon. a 3 V40 L-on T.„T^*7° llOW ' d * 
site. A DNA fragment encoding "anl ^ ^f^lacion 
Pdylinfcer region oe the vecJr 'suT 1 \££ 7 ^ ^ 
expression is. under Che control of che CMV n 
sequence encoding T ango- 67 ls ^ £ ^ , A DNA 

of a Tango-67 us.ng primer3 which \ncludl restr ""^ 
chat are co.paci.ie with che pol^r^ ^ 
sequence i. inserted into che vector Th* , 

: ™ u co tra „, (om «~ - 

(Stratagene, La Jolla, CA, and amp resistant c Q l« 
selected. Plasmid DNA is isolated f ^ colon "s are 
exam.ned by restriction l^^^^^ 
^ent. Ko r expression of che r^oLlJTx^™ 

-D^r C r 3feCted: Ch « expression vector by DEAE 

DEXTRAN method and grown is sta „ rt , rH 

9 own is standard tissue culture medium. 

Tanoo-flt 

In tumor cissuea and cultured cancer cell, ! 
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1 1. An isolated nucleic acid molecule comprising a 

2 nucleotide sequence encoding a polypeptide chat is at least 

3 85% identical to SEQ ID NO: 2. 

2- 2. An isolated nucleic acid molecule comprising a 

2 nucleotide sequence encoding a polypeptide that is at least 

3 85% identical to SEQ ID N0:4. 

1 3. The nucleic acid molecule of claim 1 or claim 2, 

2 said molecule encoding a polypeptide that associates, with ' 

3 the cell surface and mediates the cellular response to an 

4 apoptotic signal. 



;2 1 4. The nucleic acid molecule of claim 1, said 

fJ1 2 molecule encoding the amino acid sequence of SEQ ID NO: 2. 



1 5. The nucleic acid molecule of claim 4, said 

2 molecule comprising the nucleotide sequence of SEQ ID NO : l . 

1 6. The nucleic acid molecule of claim 2, said 

2 molecule encoding the amino acid sequence of SEQ ID NO: 4. 



1 
2 



7. The nucleic acid molecule of claim 6, said 
molecule, comprising the nucleotide sequence of SEQ ID N0:3 



1 . a " isolated nucleic- acid. molecule, said molecule 

2 comprising the cDNA sequence contained within ATCC Accession 

3 No. 98367. 

1 9 - ta isolated nucleic acid molecule, said molecule 

2 comprising the cDNA sequence contained within ATCC Accession 

3 No. 98368. 
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A vector comprising the nucleic acid molecule ; 



1 10. 

2 of claim l, claim 2, claim 4, or claim 6. 

1 11. The vector of claim 10. said vector being an 

2 expression vector. 

1 12. The vector of claim U, further comprising a 

2 regulatory element. 



13. The vector of claim 12, .wherein the regulatory 
element is selected from the group consisting of the 
cytomegalovirus hCMV immediate early gene, the early 
promoter of SV40 adenovirus, the late promoter of SV40 
£ 5 adenovirus, the las system, the trjj system, the !&£ system, 
•J S the 2££ system, the major operator and promoter regions of 
; 4 7 phage X, the control regions of fd coat protein, the 
Z a promoter for 3-phosphoglycerate kinase, the promoters of 
9 acid phosphatase, and the promoters of the yeast a-mating 



9 

10 factors. 



14. The vector of claim 12, wherein said regulatory 

□ 2 element directs tissue-specific expression. 
3 

1 15 - T1 *e vector of claim 10, further comprising a ■ 

2 reporter gene. 

1 I6 - The . vector of claim 15, wherein the reporter... 

2 gene is selected from the group consisting of ^-lactamase, 

3 chloramphenicol acetyl transferase (CAT), adenosine deaminase. 

4 (ADA), aminoglycoside phosphotransferase (neo r , G418 c ) , 

5 dihydrofolate reductase (DHFR) , 

6 hygromycin-B-phosphotransf erase (HPH) , thymidine: kinase^ 
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■> (TK) . lacZ (encoding 0-galactosidase> . and xanthine guanine 

3 phosphor ibosyl transferase (XGPRT) . 

1 17. The vector of claim 10, wherein said vector is 

2 a plasmid. 



1 18 • The vector of claim 10. wherein said vector << 

2 a virus. 



1 19. The vector of claim is, wherein said virus is a 

2 retrovirus . 

„ J 20 • A 9eneCicall y engineered host cell comprising 

2 the expression vector of claim n. 

"j ■ 

"I] 1 21 * The ceil of claim 20, wherein said cell is 

: 2 eukaryotic. 

'U 

,. 1 22. A substantially pure polypeptide having the 

.3 2 amino acid sequence, encoded by the nucleic acid molecule of 

^ 3 claim 1, claim 2, claim 4, or claim 6. 

23 • The Polypeptide of claim 22, further comprising 

2 a heterologous polypeptide other than a Caspase-8 

3 polypeptide. 

1 24 • "tibody that specifically binds Tango-63d 

2 or Tango-63e. 

1 25. The antibody of claim 24, wherein said antibody 

2 is a neucrali zing antibody. 
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26. A transgenic animal -harboring che nucleic acid 
2 molecule of claim 1, claim 2. claim 4. or claim 6. 



1 



27. A method of determining whether. a patient has a 

2 disorder associated with an abr.orr.al rate of apoptocic eel' 

3 death, said method comprising quantitatmg the level of ' 

4 Tango-63d expression in a biological sample obtained from 

5 said patient. 



28 ; The method of claim 27, comprising quantitating 



1 

2 mRNA encoding Tango-63d 
1 



29 • The mechod of claim 27, comprising quantitating 
■X 2 Tango- 63d protein. 



"'-■i 



: g 1 30. A mechod of determining whether a patient has a 

,Z 2 disorder associated with an abnormal rate of apoptotic cell 

3 death, said method comprising quantitating the level of 

u 4 Tango-63e expression in a biological sample obtained from 

5 said patient. 

;2 1 31 * The mechod of claim 30, comprising quantitating 

2 mRNA encoding Tango -63e. 

1 32. The method of claim 30, comprising quantitating 

2 Tango-63e procein. 

1 33. The method of claim 28 or claim 31, comprising 

2 an RNAse protection assay. Northern blot analysis, or 

3 amplification by RT-PCR. 

1 34 - The method of. claim 29 or claim 32, comprising 

2 Western blot analysis. 
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1 .35. The method of claim 27 or claim 30, wherein 

2 said biological sample is a tumor sample. 

1 35 * A method of treating a patient who has a 

2 disorder associated with abnormal expression or activity of 

3 Tango- 63d, said method comprising administering to the 

4 patient a compound that modulates the expression or activity 

5 of Tango-63d. 



1 37 • Th « method of claim 36, wherein the compound 

2 comprises a small molecule, an antisense nucleic acid 

3 molecule, or a ribozyme. 

.3 1 38. A method of treating a patient who has a 

2 disorder associated with abnormal expression or activity of 

g 3 Tango-63e, said method comprising administering to the 

patient a compound that modulates the expression or activity 

5 of Tango-63e. 



: 0 4 



.* 1 39 - The method of claim 38, wherein the compound 

'+ 2 comprises a small molecule, an antisense nucleic acid 

^ 3 molecule, or a ribozyme. 

1 40 . • A therapeutic composition comprising the 

2 compound of claim 36 or claim 38. 

1 41. A method for treating a patient who has a 

2 disorder associated with abnormal activity of the Tango-63d 

3 receptor complex, said method comprising administering a 

4 compound that mediates oligomerization between Tango-63d and. 

5 one or more of the polypeptides that form a Tango-63d 

6 receptor compliax. 



- 74 - 



) 



1 42 • A mechod -=r treating a patient who has a 

2 disorder associated with abnormal activity of the- Tango-S3e 



2 



receptor complex, said method terrorising administering a" 
compound that modulates activity =f said complex. 

43. The method cf riai.-a 42. wherein said compound 
mediates oligomenzaticn between Tango- S3e and one or mor- 
3' of the polypeptides that f=rm a Tango- 63 « receptor complex. 

1 44. A method for treating a patient who has a 

2 disorder associated with abnormal expression of Tangb-63e or 



3 a member of the Tango-S3e receptor complex, said method 

4 comprising administering a compound that modulates 
expression of Tangp-63e or a member of the Tango-63e 

»j 6 complex. 



.3 S 



'U X 4S - The method of claim 41 or claim 42. wherein the 

2 patient has a disorder in which the rate of apoptotic cell 

1^ 3 death is abnormally low. 

3 1 46 ' The met hod of claim 41 or claim 42, wherein the 

3 2 compound is. synthetic. 

,± 

1 47 • A method of treating a patient who has a 

2 disorder associated with excessive- apoptotic. cell death, 

3 said method comprising administering to the patient the 

4 nucleic acid molecule of claim l or claim 2, wherein said 

5 molecule encodes a dysfunctional polypeptide. 



48. A method of. treating a patient who has a 
disorder associated with excessive apoptotic cell death, 
said, method- comprising administering to the patient the. 
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5 



polypeptide of claim 22, wherein said polypeptide is 
dysfunctional . 
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49. A method of identifying a compound that 
modulates expression of 7ango-63d. said method comprising 
assessing the expression of Tango-63d m the presence and 
absence of said compound. 

50. A method of identifying a compound that 
modulates expression of Tango-63e, said method comprising 
assessing the expression of Tango-63e in the presence and 
absence of said compound. 

51. A method for treating a patient who has a 
disease characterized by an abnormally low rate of apoptotic 
cell death, said method comprising administering a compound 
that mediates oligomerization between Tango- 63d and one or 
more of the polypeptides that form a Tango-63d receptor 
complex. 

52. A method for treating a patient who has a 
disease characterized by an abnormally low rate of apoptotic 
cell death, said method comprising administering a compound 
that mediates oligomerization between Tango-<S3e and one or 
more of the polypeptides that form a Tango-63e receptor, 
complex. 



53. A method of identifying a compound that 
modulates the activity of Tango-63d, said method- comprising 
assessing the activity of Tango-63d in the presence and 
absence of said compound. 
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1 ^ 54. A method of identifying a compound chac 

2 modulates the activity of Tango-63e. said method comprising 

3 assessing the activity of Tango-63e xn the presence and 

4 absence of said compound. 

1 53. A method for determining whether a selected 

2 compound modulates oligomerization between Tango-63d and one 
or more of the polypeptides that form a Tango- 63d receptor 
complex, said method comprising measuring oligomerization of 
che Fas/APO-1 receptor complex and Tango -63d and one or more 
of the polypeptides that form a Tango-63d receptor complex 
in the presence and absence of said selected compound. 

'3 1 56. A method for determining whether a selected 

compound modulates oligomerization between Tango-63d and one 
or more of the polypeptides that form a Tango-63e receptor 
complex, said method comprising measuring oligomerization of 
Tango-63e and one or more of the polypeptides that from a 
Tango-63e receptor complex in the presence and absence of 
7 said selected compound. 

1 57. An isolated nucleic acid molecule which 

3 2 hybridizes under stringent conditions to a nucleic acid 

molecule having the nucleotide sequence of SEQ ID NO:l, said 
isolated nucleic acid molecule encoding Tango-63d. 



-i 2 

JI 3 

=: 4 

"U 5 



3 



1 58. An isolated nucleic acid molecule Which 

2 hybridizes under stringent conditions to a nucleic acid 

3 molecule having the nucleotide sequence of SEQ ID N0:3, said 

4 isolated nucleic acid molecule encoding Tango-63e. 
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1 59. An isolated nucleic acid molecule comprising a 

2 nucleetide sequence which is ac lease 90% identical to the 

3 nucleotide sequence of SEQ ID M0:1. said isolated nuclei-c 

4 acid molecule encoding Tango-63d. 

1 SO. An isolated nucleic acid molecule comprising a 

2 nucleotide sequence which is at least 90% identical to the 

3 nucleotide sequence of SEQ :d Nd:3, said isolated' nucleic 

4 acid molecule encoding Tango-63e. 

1 61. The method of claim 47, wherein said 

2 dysfunctional, polypeptide comprises a mutation that inhibits 

3 ligand binding. 

*g 1 62. The method of claim 47, wherein said 

jj 2 dysfunctional polypeptide comprises a mutation that inhibits 

^ 3 formation of a receptor complex. 

: y 

1 63. A method of identifying a ligand capable of 

2 2 binding a polypeptide having an amino acid sequence encoded 

3 by the nucleic acid molecule of claim 1, claim 2, claim 4, 

; ^ 4 or claim 6, said method comprising contacting said 

;2 S polypeptide with said ligand, and determining whether a 

,A 6 complex forma between said ligand and said polypeptide. 

1 64.. An isolated nucleic acid molecule that 

2 hybridizes under stringent conditions to cDNA sequence 

3 contained within ATCC Accession No. 98367. 

1 65. An isolated nucleic acid molecule that 

2 hybridizes under stringent conditions to cDNA sequence 

3 contained within ATCC Accession No, 98368. 
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1 66. An isolated nucleic acid molecule chat is 85% 

2 identical to SEQ ID NO:l (Fig. u . 



1 



1 



67. An isolated nucleic acid molecule that is 85% 



2 identical to SEQ ID N0:3 (Fig. 2). 



68. An isolated nucleic acid molecule that is 95% 

2 identical to SEQ ID N0:1. 

1 69. An isolated nucleic acid molecule that is 95% 

2 identical to SEQ ID NO: 3. 

1 70. An isolated nucleic acid molecule that is 85% 

2 identical to cDNA sequence contained within ATCC Accession 

3 No. 98367. 



- 1 71. An isolated nucleic acid molecule that is 85% 

: U 2 identical to cDNA sequence contained within ATCC Accession 

* 3 No. 98368. 

1 72 •■ isolated nucleic acid molecule that is 95% 

;3 2 identical to cDNA sequence contained within ATCC Accession 

3" 3 No. 98367, 

1 73. An isolated nucleic acidmolecule that is 95% 

2 identical to cDNA sequence contained within ATCC Accession 

3 No. 98368. 

1 . 74 • isolated nucleic acid molecule that 

2 hybridizes under stringenc conditions to nucleotides 128 to 

3 1447 of SEQ ID NO:l (Fig. 1). 
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1 75. An isolated nucleic acid molecule that 

2 hybridizes under stringent conditions to nucleotides 128 to 

3 1360 of SEQ ID NO:3 (Fig. 2). 



1 



76. The polypeptide encoded by the nucleic acid 



2 molecule of claim 64 . 



1 . 77 * The polypeptide encoded by the nucleic acid 

2 molecule of claim 65. 

1 7 8- The polypeptide encoded by the nucleic acid 

2 molecule of claim 66. 

'H 1 The polypeptide encoded by the nucleic acid 

4 2 molecule of claim 67. 

si 

1 90. The polypeptide encoded by the nucleic acid 

w 2 molecule of claim 68. 

2 1 81. The polypeptide encoded by the nucleic acid 

.j. 2 molecule of claim 69. 

3 

•a 

234854. BU 
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Summary 

Deletion mutagenesis of the intracellular region of the 
55 kd TNF receptor (TNF-R1 ) identified an - 80 amino 
acid domain near the C-terminus responsible for sig- 
naling cytotoxicity. This domain shows weak homol- 
ogy with the intracellular domain of Fas antigen, a 
transmembrane polypeptide that can also initiate a sig- 
nal for cytotoxicity. Alanine-scanning mutagenesis of 
TNF-R1 confirmed that many of the amino acids con- 
served with Fas antigen are critical for the cytotoxic 
signal. This region of TNF-R1*Fas homology is there- 
fore likely to define a novel domain (death domain) 
that signals programed cell death. Mutations within 
the death domain of TNF-R1 also disrupted its ability to 
signal anti-viral activity and nitric oxide (NO) synthase 
induction. In addition, large deletions in the mem- 
brane-proximal half of the intracellular domain did not 
block signaling of cytotoxicity or anti-viral activity but 
did block induction of NO synthase. 

Introduction 

Tumor necrosis factor (TNF) is a cytokine produced mainly 
by activated macrophages. Although originally identified 
for its anti-tumor activity, TNF is now known to be one of 
the most pleiotropic cytokines, signaling a large number 
of cellular responses, including cytotoxicity, anti-viral ac- 
tivity, immunoregulatory activities, and the transcriptional 
regulation of many genes (Goeddel et al., 1986; Beutler 
and Cerami, 1988; Old, 1988; Tiers. 1991). The first step 
in the induction of the various cellular responses mediated 
by TNF is its binding to specific cell surface receptors. 
Two distinct TNF receptors of -55 kd (TNF-R1) and 75 
kd (TNF-R2) have been identified (Hohmann et al., 1990; 
Brockhaus et al., 1990), and human and mouse cDNAs 
corresponding to both receptor types have been isolated 
and characterized (Loetscher et al., 1990; Schall et al., 
1990; Smith et al., 19*90; Lewis et al., 1991; Goodwin et 
al., 1991). 

The extracellular domains (ECDs) of human TNF-Rl 
and TNF-R2 share 28% sequence identity, approximately 
the same level of similarity they share with the ECDs of 
a number of diverse cell surface proteins, including the low 
affinity nerve growth factor (NGF) receptor, Fas antigen, 
CD40, OX40. and CD27 (Itoh et al., 1991 ; Camerini et al.. 
1991). Much of this sequence identity is a result of the 
extremely well conserved positions of cysteine residues 



that define this expanding receptor family. There is a com- 
plete absence of homology between the intracellular do- 
mains of the two TNF receptors, suggesting that they uti- 
lize distinct signaling pathways (Lewis et al., 1991). Also, 
with an exception noted below, the intracellular domains 
of the two TNF receptors do not show homology to other 
known proteins (Loetscher et al.. 1990; Schall et al., 1990; 
Smith et al., 1990; Lewis et al., 1991). 

Numerous studies with anti-TNF receptor antibodies 
have demonstrated that TNF-Rl is the receptor that sig- 
nals the large majority of the pleiotropic activities of TNF, 
including cytotoxicity, fibroblast proliferation, resistance 
to chlamidiae, synthesis of prostaglandin E 2l anti-viral ac- 
tivity, and manganese superoxide dismutase induction 
(Engelmann et al., 1990; Espevik et al., 1990; Tartagiia 
et al. , 1 99 1 ; Wong et al. . 1 992). Transfection-based assays 
for TNF-R1 have recently been developed by several 
groups (Tartagiia and Goeddel. 1992b; Brakebusch et al., 
1992; Wiegmann et al., 1992). confirming the role of TNF- 
Rl in signaling cytotoxicity, anti-viral activity, and the stim- 
ulation of several second messenger pathways. Mutant 
TNF-Rls in which the majority of the intracellular domain 
has been removed are defective in initiating cytotoxicity, 
demonstrating the importance of this domain in mediating 
TNF signals (Tartagiia and Goeddel. 1992b; Brakebusch 
et al., 1992). 

It has recently been shown that the Fas antigen, a mem- 
ber of the TNF/NGF receptor superfamily, can signal a 
programed cell death very similar to that mediated by TNF 
(Itoh et al., 1991). Fas antigen is involved in the negative 
selection of autoreactive T cells, and mice carrying a muta- 
tion in the intracellular domain of Fas antigen suffer from 
a dramatic autoimmune disorder (Watanabe-Fukunaga et 
al., 1992). In addition, a region of weak homology has been 
noted between the intracellular domains of TNF-R1 and 
Fas antigen (Itoh et al., 1991). 

While the mechanism of programed cell death is not 
well understood, the importance of this process in biology 
is becoming increasingly apparent. The TNF-R1 transfec- 
tion assay provides an ideal system for defining a signaling 
domain that can initiate programed cell death. Here we 
have defined an -80 amino acid domain within TNF-R1 
that can transmit a cytotoxic signal and that is also im- 
portant in the signaling of other TNF activities. Further- 
more, the spacing of this "death domain" relative to the 
ECD of TNF-R1 can be altered without loss of function. 

Results 

Delineating the TNF-R1 Death Domain 

We showed previously that murine L929 cells expressing a 
transfected human TNF-R1 could be stimulated by agonist 
anti-human TNF-Rl antibodies (anti-hRl) to initiate a sig- 
nal for cytotoxicity (Tartagiia and Goeddel, 1992b). Fur- 
thermore, a mutant TNF-R1 lacking the majority of its intra- 
cellular domain was defective in signal generation 
(Tartagiia and Goeddel. 1992b). To define better the se- 
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Figure 1. C*Terminal Truncations of TNF-R1 

(A) Amino acid sequences of the C-terminal region of murine and human TNF-R1 (Lewis et al., 1991 ). Stippling indicates residues that are identical 
in the two species. Horizontal bars represent the C-terminus of mutant receptors, shaded regions indicate intact sequence, and dotted regions 
indicate deleted sequences. Expression of the mutant receptors in individual L929 clones was assessed by flow cytometric analysis. Shown are 
the expression profiles and done numbers of the two individual 1929 dones assayed in Table 1 in comparison with a L929-neo control done 
(dotted curve). Cells were stained with anti-hTNF-Rl MAb 964 and phosphatidylethanolamine-conjugated goat anti-mouse immunoglobulins, fen 
thousand celts were analyzed per sample. Histograms show relative cell number (y axis) versus log pfcospnatioyethanolamine fluorescence (x 
axis). 

(B) Killing of'L929 dones expressing TNF-Rls truncated tor 14 and 20 C-terminal residues. Clones A413-426.11 (open aretes) and A407-426.2 
(closed circles) were treated with the indicated concentrations of anU-hRi and 10 tig/ml cydoheximide for 24 nr. Celt viability was determined as 
described previously (Tartaglia and Goeddel, 1 992b). 



quences important for signaling cytotoxicity, we con- 
structed expression vectors for a series of mutant recep- 
tors containing various C-terminai truncations (Figure 1 A). 
The mutant receptor constructs were transfected into mu- 
rine L929 cells, and several independent L929 clones ex- 
pressing each of the mutant receptors were identified by 
flow cytometry (Figure 1A). At least two L929 clones ex- 
pressing each of the mutant receptors were then assayed 
for a cytotoxic reaction in response to anti-hR1. 

Mutant receptors in which 20 or more amino acids had 
been removed from the C-terminal end were found to be 
defective in signaling cytotoxicity, while a receptor trun- 
cated for the C-terminal 1 4 amino acids was still functional 
(Figure 1 A and Table 1). The absolute importance of infor- 
mation contained between positions -14 and -20 is fur- 
ther illustrated in Figure 1 B, in which the anU-hR 1 sensitivi- 
ties of L929 clones expressing the corresponding receptor 
mutants are compared in a dose response assay. These 
data indicate that the C-terminal extension of the cytotoxic- 
ity-signaling domain lies between positions -20 and -14. 

To define the N-terminai extension of the cytotoxicity 
signaling domain, a series of TNF-R1 internal deletions 
were made and expressed in 1929 cells. Several of these 
deletions removed large amounts of sequence in the mem- 
brane-proximal half of the intracellular domain without de- 
stroying the ability of TNF-R1 to signal cytotoxicity (Figure 
2 and Table 1). The largest deletion that did not eliminate 
the cytotoxic signal extended from amino acid 212 (very 



close to the transmembrane region) to 326. In contrast, a 
deletion from amino acid 212 to 340 completely destroyed 
the ability of TNF-R1 to signal cytotoxicity. These results 
argue that the N-terminal extension of the cytotoxicity- 
signaling domain lies between positions 326 and 340 and 
that the C-terminal 100 amino acids of the intracellular 
domain contain sufficient information for independent fold- 
ing and cytotoxicity signaling. 

Homology to Fas Antigen 

It has been noted previously that the intracellular domain 
of TNF-R1 shares a weak homology (29% identity over 
45 amino acids) with the intracellular domain of Fas anti- 
gen (Itoh et al., 1991): Upon further inspection of these 
sequences, we noted that introduction of a 1 amino acid 
gap in the Fas sequence extended the region of homology 
an additional 20 amino acids (Figure 3). Although still not 
extensive, this putative homology was intriguing, because 
TNF-R1 and Fas antigen mediate a very similar cytotoxic 
reaction (Itoh et al., 1991). In addition, this region of homol- 
ogy falls within the boundaries of the TNF-R1 cytotoxicity- 
signaling domain defined by our deletion analysis, with 
the C-terminal limit of this homology falling exactly within 
the 6 amino acids that define the C-terminal extension 
of the cytotoxicity-signaling domain (Figure 3). 

To further validate the relevance of the TNF-Rl-Fas 
homology and also identify individual amino acids within 
TNF-R1 that are important in the cytotoxic signal, we initt* 
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Table 1 . Signaling of Cytotoxicity by L929 Clones Expressing 
Human TNF-R1 Deletion Mutants 



L929 Clone 


Viability {%) 


neo.3 


98 ± 1 


hfll.17 


4 ± 1 


hRI.15 


3 ± 1 


A37&426.3 


100 x 5 


A376-426.8 


102 ± 1 


A385-426.1 


97 ± 2 


A38&426.7 


96 ± 3 


A396-426.3 


101 ± 2 


A39&4265 


90 * 2 


A 407-426.9 


94 ± 6 


A407-426.20 


101 ± 4 


A413-426.11 


2i1 


A413-426.2 


10 ± 2 


A258-308.16 


17 ± 2 


A258308.19 


12 ± 2 


A212-308.2 


7 ± 2 


A2 12-308.29 


4 ± 3 


A25B-326.9 


15 ± 8 


A258-326.24 


45 £ 8 


A2 12-326.2 


55 ± 7 


A21 2326.5 


43 ± 8 


A21 2-340.20 


98 ± 8 


A21 2-34021 


101 ± 4 



Two independent 1929 clones were examined for each TNF-R1 dele- 
tion mutant Cells were treated for 24 hr with a 1 :400 dilution of agonist 
anti-human TNF-R1 antibody (anti-hRl) in the presence of 10 ug/mJ 
cycioheximide. Values are expressed as percentage viability ( ± SO, 
n - 3) compared with the same cells treated with cydoheximide alone. 
L929 clone neo.3 is a G4l8-resistant control. hR1.17 and hR 1.1 5 ex- 
press the wild-type human TNF-R1 and have been referred to pre- 
viously as L929.hRL17 and L929.hRl.15 (Tartaglia and GoeddeJ, 
1992b). 



ated an alanine scanning mutagenesis of the TNF-Ri in- 
tracellular domain. Alanine was chosen as the replace- 
ment residue because it eliminates the side chain beyond 
the p carbon, yet does not alter the main chain conforma- 
tion nor impose extreme electrostatic or steric effects 
(Cunningham and Wells, 1989). Many of the alanine sub- 
stitutions were introduced at charged or aromatic residues 
that are conserved with the Fas antigen, although other 
amino acids were also mutagenized. In the first series of 
mutations, amino acids were altered in groups of 2 or 3. 
The information from these experiments provided the ra- 
tionale for a mutagenesis of individual amino acids. All 
mutant receptors were stably expressed in 1929 cells, and 
several independently isolated clones of each mutant were 
identified and examined in cytotoxicity assays. Table 2 
summarizes the results of the entire substitution mutagen- 
esis and shows cytotoxicity data for two representative 
clones expressing each receptor mutation. 

Several outcomes of the TNF-R1 substitution mutagen- 
esis are particularly noteworthy. First, many amino acids 
conserved between Fas and TNF-R1 were found to be 
essential for signaling cytotoxicity (Figure 3 and Table 2), 
validating the biological relevance of these similarities; in 
addition, changing Leu-351 to either Asn or Ala inhibited 
the cytotoxic signal of TNF-R1 . Leu-351 in TNF-R1 corre- 
sponds to lle-225 in murine Fas antigen, the position that 
when mutated to Asn is responsible for the lymphoprolifer- 
ation (tpr) mutation in mice (Watanabe-Fukunaga et al. t 
1 992). This provides additional evidence for a similar struc- 
ture mediating cytotoxicity in both of these receptors. Sec- 
ond, critical residues were found scattered throughout the 
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Figure 2. Internal Deletions within the TNF-R1 Intracellular Domain 

The locations of deleted intracettular domain sequence in four mutant receptors are shown approximately to scale. Shaded regions indicate intact 
sequence; dotted regions indicate deleted sequences. Expression of the mutant receptors in individual 1929 clones was assessed by flow cytometric 
analysis as in Figure 1. Shown are the expression profiles and done numbers of the individual 1929 clones assayed in Table 1 in comparison 
with a L929-neo control done (dotted curve). 
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Figure 3. Substitution Mutagenesis of the Death Domain 

The amino acid sequence of the TNF-R1 death domain (amino acids 326-413) is compared with m. horr^jous * « «*»•" 

intracellular domain. Amino acids identical in the two sequences are stippled. The "-terminal and Ourrm-nal d*et*ns «*«0«» 
are indicated. Amino acids converted to alanine (A) by sittxlirected mutagenesis are indicated farrow P»«^0 toth. 
also changed to Asparagine (N). A minus sign immediately below the toner A or N indicates that TNF^I coukt not s^cyto 
single amino acid repayment was made. A minus sign immediately betow a bracket indite, that TNF-FMN ^^J^v 
the corresponding group of 2 or 3 amino acids was mutagenized. Expression of the mutant receptors m .ndrvtdual L529cton« was 
flow^yto^tr* JJysis as in Figure t. Shown are the expression profiles of the individual 1929 done, assayed in Table 2 ,n companson wrth a 
L929-neo control done (dotted curve). 



65 amino acid homology region (from Phe-345 to lle-408). 
This may suggest that a folded protein domain within TNF- 
R 1 makes multiple noncontiguous contacts with other pro- 
teins involved in signal transduction. Third, the critical in- 
formation between positions -14 and -20 (identified in 
the deletion analysis) may be the He that is conserved 
between Fas and TNF-R1, since substitution of only this 
conserved He results in a defective cytotoxic signal. 

To determine whether the region within TNF-R1 that is 
responsible for signaling cytotoxicity is interchangeable 
with the corresponding region in the Fas antigen, a TNF- 
Rl-Fas antigen fusion was generated and expressed in 
L929 cells. The fusion protein contains TNF-R1 sequences 
from position 1 to 323 fused to Fas sequences from posi- 
tion 210 to 319. This fusion therefore replaces TNF-R1 
sequences beginning 3 amino acids before the N-terminal 
extension of the death domain with the corresponding Fas 
antigen sequences. The position of this fusion junction 
also results in a precise swap of amino acids encoded 
on the final axons of the TNF-R1 and Fas antigen genes 
(Fuchs et al., 1992; S. Nagata, personal communication). 
Three independently isolated L929 clones expressing this 
fusion protein showed modest cytotoxicity in response to 
anti-hRl (Table 2), further demonstrating the relevance of 
the homology between these two proteins. 

Positional Flexibility of Death Domain Relative 
toECD 

Considerable evidence has accumulated that the mecha- 
nism of TNF-R1 triggering involves the cross-linking of 
receptors by the TNF ligand (reviewed by Tartaglia and 
Goeddel. 1992a). It has also been demonstrated that the 
association of intracellular domains is critical in signal gen- 
eration (Tartaglia and Goeddel, 1992b). It therefore sur- 
prised us when large internal deletions between the trans- 



membrane region and the death domain did not interfere 
with signaling. These internal deletions might be expected 
to destroy the register between the ligand cross-linked 
ECDs and the associating intracellular domain se- 
quences. Therefore, information contained in the orienta- 
tion of TNF-R1 cross-linking would be lost upon removal 
of internal sequences and could potentially interfere with 
proper association of the intracellular domains. However, 
a possible explanation for the positional flexibility of the 
death domain relative to the ECD in our experiments is 
that polyclonal antibodies were used as ligand. These anti- 
bodies may cross-link the TNF-R1 molecules in a variety 
of orientations. We tested whether TNF itself could trigger 
cytotoxicity through mutant receptors with altered spacing 
between the ECDs and the death domain. This required 
blocking of the endogenous murine TNF-R1 on the L929 
clones by pretreatment with an antagonist monoclonal an- 
tibody (MAb) against murine TIMF-R1. These cells were 
then treated with TNF (which now has access only to the 
transfected human TNF-R1) and assayed for cytotoxicity. 
1929 cells expressing either the wild-type human TNF-R1 
or mutant TNF-R1 s with large deletions between the ECD 
and the death domain were all sensitive to TNF, even after 
access to the endogenous murine TNF-R1 was blocked 
(Figure 4): This indicates that the death domain has posi- 
tional flexibility relative to the TNF cross-linked ECDs and 
suggests that information contained in the orientation of 
receptor aggregation may not be critical in signal gen- 
eration. 

Effect of TNF-R1 Mutations on the Signaling of 
Antiviral Activity and the Induction of Nitric 
Oxide Synthase 

TNF-R1 is known to signal a large number of diverse bio- 
logical activities in addition to cytotoxicity. We thus were 
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Table 2. Signaling of Cytotoxicity by Human TNF-Ri Mutants 



L929 Clone 


Viability (%) 


neo. 3 


95 ± 2 


hRl.17 


4 ± 1 


hRl.15 


3 x 1 


K343, F345. R347.1 


99 i 5 


K343, F345, R347.17 


t02 x 3 


Mfia iiM^o n**^** 

k3o9, W378, R379.3 


92 i 4 


C1CO lAnTO Q^Tfl *e 

&3o9, W37B, Kj7a. l o 


96 ± 5 


H384, E386.14 


3 £ 1 


M3B4, E386.15 


30 t 5 


£390, £406.13 


97 ♦ 6 


E390, E406.14 


96 i 3 


K343.18 


22 * 5 


K343.23 


43 x 2 


F345.9 


90 ± 2 


F345.23 


87 x 16 


R347.1 


88 a 4 


R347.21 


94 ± 7 


L351.24 


109 ± 5 


L351.25 


97 ± 2 


L351.10— N 


101 x 8 


L351.12— N 


97 jt 4 


E369.19 


80 ± 7 


E369.22 


93 ± 2 


W378.19 


92 x 8 


W378.4 


88 ± 6 


R379.8 


16 ± 3 


R379.19 


2*2 


E390.21 


75 £ 4 


E390.24 


47 x 5 


E406 5 


30 ± 1 


E406.7 


50 x 10 


I408.4 


86-3 


1408.6 


87 x 9 


E410.2 


21 ± 2 


E410.5 


2 ± 1 


Rl-Fas.3 


59 a: 9 


Rl-Fas.9 


68 ± 7 



Two independent L929 clones were examined for each TNF-Ri mu- 
tant. Cells were treated for 24 hr with a 1:400 dilution of anti-hRl 
polyclonal antibody in the presence of 1 0 ug/ml cydoheximide. Values 
are expressed as percentage viability ( x SO, n - 3) compared with 
the same cells treated with cydoheximide alone. All listed mutations 
were alanine substitutions unless otherwise indicated. 



interested to learn whether mutations that affected the 
signaling of cytotoxicity altered the signaling of other TNF 
activities. We have recently shown that the known anti- 
viral activities of TNF are signaled by TNF-R 1, and that 
human TNF-R 1 (together with interferon y [IFN-y]) can 
transmit an anti-viral signal when expressed in murine 
L929 cells (Wong et al„ 1992). We therefore assayed mu- 
tant human TNF-R1 s expressed in L929 cells for their abil- 
ity to transmit a signal that results in protection from subse- 
quent infection by vesicular stomatitis virus (table 3). . All 
mutations tested within the death domain that blocked the 
signaling of cytotoxicity also eliminated the signaling of 
anti-viral activity, while the mutations that did not eliminate 
the cytotoxic signal also did not interfere with the anti-viral 
signal. In addition, the large deletions between the ECO 
and death domain that did not block the signaling of cyto- 
toxicity also did not block the signaling of anti-viral activity. 
This inability to separate the signaling of cytotoxicity and 
anti-viral activity by the many TNF-R 1 mutations suggests 
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Figure 4. TNF Killing of L929 Ceils Expressing TNF-R 1s with Altered 
Spacing between the ECO and Death Domain 
A control L929 done (neo. 5) and 1929 clones expressing wild-type 
(hR 1 . 1 7) or mutant TNF-R 1 s (A258-308. 1 6 and A21 2*308.2) were pre- 
treated for 1 hr with a 1:10 dilution (hybridoma supernatant) of antt- 
murine TNF-Ri MAb 1 76. Cells were then further treated with 100 no/ 
ml TNF for 24 hr in the absence of cydoheximide. Cell viability was 
determined as described previously (Tartaglia and Goeddel, 1992b). 

that a common signal from TNF-R 1 initiates both the cyto- 
toxic and anti-viral programs. 

Another important biological activity mediated by TNF 
in combination with IFN-y is the induction of a nitric oxide 
(NO) synthase activity (Farrar et at., 1992). Preliminary 
experiments with agonist antibodies to murine TNF-R1 
and TNF-R2 showed that in L929 cells this TNF activity 
was mediated by murine TNF-R 1 (data not shown). In addi- 
tion, human TNF-R 1 could initiate NO induction in L929 
cells that were transfected with wild-type human TNF-R 1 
(see below). To determine whether the same mutations 
that interfere with the signaling of cytotoxicity and anti-viral 
activity also interfere with the induction of NO synthase, 
we assayed L929 clones expressing the mutant human 
TNF-R 1s for NO synthase induction in response to anti- 
hRl and murine IFN-y (mlFN-y). As shown in Table 3, 
mutations within the death domain of TNF-R 1 that are 
negative for cytotoxicity are also negative for NO synthase 
induction. The negative data obtained for these mutant 
receptors are not due to the inability of the host L929 
clones to induce NO synthase, because these clones 
could still induce NO through the endogenous murine 
TNF-R1 in response to either anti-murine TNF-R 1 antibod- 
ies or TNF itself (data not shown). Mutations within the 
death domain that did not block the signaling of cytotoxicity 
also did not block the signaling of NO synthase induction. 
Therefore, the signal initiated from the death domain that 
is responsible for cytotoxicity may also be required for NO 
synthase induction. Interestingly, all of the large deletions 
between the transmembrane domain and the death do- 
main eliminated the signaling of NO synthase induction 
(Table 3). The signaling of NO synthase induction thus 
appears to require both an intact death domain and addi- 
tional sequences in the N-terminaJ half of the intracellular 
domain. 
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Table 3. Summary of TNF-fli Mutational Analysis 


Receptor 
Mutation 


Signaling 






Cytotoxicity 


Antiviral 


NO Synthase 
Induction 


Wild type 




+ 




A 245-426 




. — 


- 


A3 /(>-«• to 


_ 


NO 


NO 


A 385-426 




NO 


ND 


A 396-426 




NO 


ND 


A407-426 






- 


A413-426 


+■ 


+ 




\s*\a 'i CIA £ 0X47-* A 




_ 


- 






+• 




r34D-*A 




_ 


- 


R347~*A 






_ 








- 


L351"*N tiprj 




_ 


_ 






NO 


_ 








_ 


W378-A 


- 


- 




R37*-A 


4- 


■ + 


+ 


R384. E386-A 


+ 


" + 


+ 


E390. E406-A 








E390-A 


+/- 


+ 


+ 


E406-A 


+ 


+ 


+ 


1408-A 








E410-A 




+ 


+ 


A258-308 


+ 


+ 




A258-326 


+ 






A2 12*308 




+ 




A21 2*326 


+ 


+ 




A2 12-340 






NO 



For each of the indicated mutations, at least two independently isolated 
L929 clones expressing the corresponding mutation were analyzed . 
Triplicate determinations were made on each L929 clone for the cyto- 
toxicity (see Tables 1 and 2) and NO assays, and sextupiicate determi- 
nations were made for the antiviral assay. A plus sign in the cytotoxicity 
assay indicates greater than 50**b cytotoxicity under the conditions 
described in Tables 1 and 2. while a minus sign indicates less than 
20% cytotoxicity. A plus sign in the antiviral assay indicates greater 
than 75% survival under (he conditions descnbed in Experimental 
Procedures, while a minus sign indicates less than 25% survival. In 
the antiviral assay, agonist antibody activation of the wild-type receptor 
in hRl . 1 7 cells resulted in 60% ± 2% survival. Survival in untreated 
cells was typically between 15% and 20%. The reliable detection hmit 
of the NO synthase assay was 0.3 nmo! of nitrite per 10* cells under 
the conditions described in Experimental Procedures. A minus, sign 
indicates that nitrite levels measured after induction were below the 
reliable detection limit. A plus sign indicates that nitrite levels were 
induced to greater than 0.8 nmol per 10* cells. In the NO assay, agonist 
antibody activation of the wild-type receptor in hR 1.1 7 cells resulted 
in a measured nitrite level of 2.6 ± 0.2 nmol per 10* cells. NO. not 
determined. 



A Subset of TNF-R1 Negative Mutations Have 
Dominant Negative Character 

In a previous report, we demonstrated that expression in 
L929 cells of a truncated human TNF-R1 (missing the ma- 
jority of its intracellular domain) resulted in suppressed 
signaling by the endogenous murine TNF-R1 (Tartaglia 
and Goeddel, 1992b). This dominant negative effect was 
due to TNF cross-linking the functional endogenous recep- 
tors to the nonfunctional truncated receptors. The re- 
sulting receptor complexes lacked interacting intracellular 
domains and were therefore defective in signal generation 
(Tartaglia and Goeddei. 1992b; Brakebusch et al.. 1992). 



As described above, we have now identified a number of 
negative mutations within human TNF-R1 that result from 
only minor changes in intracellular domain sequence. We 
were now interested whether these less extensive muta- 
tions would also act as dominant negative mutations. 

As revealed by previous work (Tartaglia and Goeddel, 
1992b) and our preliminary experiments, an assessment 
of the dominant negative character of a mutant transmem- 
brane receptor is complicated by two factors: first, the 
extent of the dominant negative effect is highly dependent 
on the expression level of the mutant receptor; and sec- 
ond, even mutant receptors that do not have true dominant 
negative character can appear to reduce the sensitivity of 
a cell to TNF in a dose response assay if the ligand is 
titrated from the assay media. To circumvent the first prob- 
lem, we restricted our analysis to only those few cell lines 
in which the expression level of human TNF-R1 was equal 
to or greater than that in a well-characterized control ceil 
line (L929.hR1A.4; Tartaglia and Goeddel, 1992b). This 
control line expresses a truncated TNF-R1 at a level that 
significantly suppresses signaling by the endogenous mu- 
rine TNF-R1 . To circumvent the problem of ligand titration 
from the assay media, we examined the TNF sensitivity 
of L929 clones under conditions of extreme ligand excess 
(50 nM) and in the absence of cycloheximide. Several of 
the TNF-R1 mutations clearly acted as dominant negative 
mutations, as evidenced by the decreased TNF sensitivity 
of the corresponding L929 clones (Table 4). As shown 
previously for the L929.hRl&.16 clone (Tartaglia and 
Goeddel. 1 992b), the decreased sensitivity of these clones 
was not due to differences in murine TNF-R1 levels or the 
signal transduction apparatus, because pretreatment with 
a human TNF-R1 antagonist antibody restored normal 
sensitivity (data not shown). Interestingly, several of the 
cytotoxicity-signaling negative mutations did not act as 
dominant negative mutations, despite high level receptor 
expression. There was a clear pattern in the intracellular 
domain location of these mutations. Mutations that dis-. 
rupted the N-terminal half of the death domain had domi- 
nant negative character, while those that disrupted infor- 
mation in the C-terminal half of the death domain did not. 

Discussion 

Despite the absence of recognizable signaling motifs or 
kinase homologies, the 55 kd TNF receptor (TNF-R1) sig- 
nals a large number of diverse biological activities. Of par- 
ticular interest is its ability to initiate a rapid cytotoxic pro- 
grami since the signaling mechanisms of programed cell 
death are poorly understood. To understand better the 
mechanisms by whichTNF-Rl signals cell death and other 
important biological responses, we have begun to define 
sequences within its intracellular domain that are required 
for function. 

Through a series of both C-terminal truncations and in- 
ternal deletions, we have identified an - 80 amino acid 
domain within the 221 amino acid intracellular region of 
TNF-R1 that is required and sufficient for initiating the 
signal for cytotoxicity. The Oterminal extension of this 
domain is close to the C-terminus of the receptor (removal 
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TaWe 4. Oominani Negative Character of Human TNF-R 1 Mutations 



L929 Clone Viability (%) 



neo.3 


1.7 ± 0.5 


A245-426.4 


55.7 ± 2.3 


A2 12-340.8 


78.9 i 4.7 


K343. F345. R347.1 


21.2 ± 1.0 


F345.9 


33.4 ± 1.0 


R347.K 


35.4 ± 0.5 


R347.21 


50.3 ± 2.2 


E390. E406.13 


5.7 ± 2.1 


1408.4 


6.4 ± 0 5 


A407-4262 


1.8 ± 0.6 


A407-426.9 


2.0 X 0:4 



Celts were treated for 18 hr with 50 nM TNF. Values are expressed 
as percentage viability ( ± SO. n - 6) compared with controls. Clone 
A245-426.4 was referred to previously as L929.hRi A. 4 (Tartagtia and 
Goeddel. 1992b). 



of the terminal 20 but not the terminal 14 amino acids 
eliminates signaling), and the N-terminal extension is near 
the center of the intracellular domain primary sequence. 
Sequence information within the N-terminal half of the in- 
tracellular domain does not appear to be required for the 
cytotoxic signal. The results of both the C- and N-terminal 
deletion analysis are very consistent with the homology 
between the mouse and human TNF-Rls (Lewis et al., 
1991). Strong conservation between the murine and hu- 
man TNF-R 1s begins very close to the N-terminal exten- 
sion of the death domain. In addition, this homology drops 
off abruptly in the C-terminal 14 amino acids. 

The 60 amino acid cytotoxicity-signaling domain (death 
domain) within TNF-R 1 contains a region of 65 amino acids 
that shows 28% identity to a region within the intracellular 
domain of Fas antigen. Although this homology is not ex- 
tensive, the Fas antigen can signal a programed cell death 
very similar to that signaled by TNF-R 1 (Itoh et al.. 1991). 
thus establishing a functional conservation between the 
two receptors. To test the relevance of the amino acid 
sequence homology, we performed alanine scanning mu- 
tagenesis on amino acids within the intracellular domain 
of TNF-R 1 that are conserved with the Fas antigen. This 
revealed a number of residues within TNF-R 1 that are 
critical for TNF-R 1 function, further validating the signifi- 
cance of the homology between the intracellular domains 
of these two receptors. A number of these essential resi- 
dues are charged and so are likely to be exposed on the 
surface of the death domain. These residues may thus 
represent positions at which the TNF-R1 intracellular do- 
main interacts with cytoplasmic proteins or possibly other 
TNF-R1 intracellular domains. The targe number of such 
essential residues scattered throughout a region of - 65 
amino acids suggests that TN F-R 1 does not display a short 
peptide that binds and stimulates an intracellular signaling 
. component, but rather makes multiple noncontiguous con- 
tacts with a folded structural domain. However, our experi- 
ments do not rule out the possibility that some of the amino 
acid replacements may disrupt proper folding of the intra* 
cellular domain. Whether Fas and TNF-R1 interact with 
common or different intracellular signaling proteins re- 
mains to be determined. It is possible that the relatively 



weak homology (28% identity) reflects only a conserved 
structural framework between these two proteins and that 
nonidentical residues provide the specificity for interaction 
with distinct factors. 

Mutant TNF-Ris containing large internal deletions 
were still able to generate a cytotoxic signal, demonstra- 
ting that the spacing between the death domain and the 
ECO can be altered without loss of signaling. This is sur- 
prising, as TNF-R1 triggering requires the association of 
multiple intracellular domains upon ligand- or antibody- 
induced aggregation of TNF-R1 molecules (Tartaglia and 
Goeddel, 1992b). The insensitivity to altered spacing im- 
plies that the register between the ECO and the death 
domain is flexible enough to accommodate repositioning 
to allow proper intermolecular association of intracellular 
domains within a ligand cross-linked complex. This posi- 
tional flexibility indicates that the death domain is both an 
independent functional and a structural domain. Interest- 
ingly, the largest deletion that did not completely block 
cytotoxicity (A21 2-326) extends only 3 amino acids into 
the sequence (amino acids 324-426) encoded by the final 
exon of the TNF-R 1 gene. When amino adds 324-426 of 
TNF-R1 (which contain necessary and sufficient informa- 
tion for the cytotoxic signal) were replaced by the corre- 
sponding Fas antigen sequences, the resulting receptor 
chimera was able to generate a modest cytotoxic signal. 
These results further support a modular structure of the 
death domain and a relationship with the corresponding 
region in the Fas antigen. 

TNF-R1 initiates signals for a large number of biological 
activities in addition to cytotoxicity. To examine how muta- 
tions within the death domain affected the signaling of 
other TNF activities, we assayed the ability of mutant TNF 
receptors to initiate signals for anti-viral activity and the 
induction of NO synthase. The signaling of cytotoxicity 
and anti-viral activity proved to be mutationally insepara- 
ble within the group of mutations analyzed in our study. 
Given the large number of mutations analyzed, these data 
suggest that a common signal is required to initiate both 
the anti-viral and cytotoxicity programs. Mutations within 
the death domain that disrupted the ability of TNF-R1 to 
signal for the induction of NO synthase were identical to 
those that disrupted the signaling of anti-viral activity and 
cytotoxicity. Interestingly, deletion mutations in the mem- 
brane-proximal half of the intracellular domain also dis- 
rupted the ability of TNF-R1 to signal for NO induction, 
even though the loss of this information did not eliminate 
the signaling of anti-viral activity or cytotoxicity. This im- 
plies that the induction of NO synthase requires the same 
signaling information required for cytotoxicity and anti- 
viral activity as well as additional sequence or spacing 
information in the membrane-proximal half of the intracel- 
lular domain. Thus, the signaling of a subset of TNF activi- 
ties may require more signaling information than that initi- 
ated by the death domain, demonstrating that it is possible 
mutationally to separate distinct TNF activities at the level 
of signal initiation from the intracellular domain. The re- 
quirement of only the death domain for some activities 
and additional information for other activities is roughly 
paralleled in the interieukin 2 receptor system (Hatake- 
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yama et a!.. 1992). The interteukin 2 (5 chain requires only 
its serine-rich domain to signal for proliferation in BAF3 
cells, yet c-fos induction requires both the serine-rich do- 
main and an additional region. 

The triggering of TNF-R1 is a consequence of the cross- 
linking of TNF-R1 monomers by either anti-receptor anti- 
bodies or the TNF trimer (reviewed by Tartaglia and Goed- 
dei, 1992a). The analysis discussed above has defined 
amino acids that, when mutated in all chains within a ho 
moreceptor complex, destroy the ability to function. How- 
ever, we were also interested in distinguishing between 
intracellular domain information that is required in all TNF- 
R1 molecules and information that is more redundant in 
the receptor complex. An analysis of the dominant nega- 
tive character of a mutant transmembrane receptor should 
provide insight into this. Those receptors mutated for intra- 
cellular domain information that is required in all receptor 
chains within a complex should suppress signaling when 
cross-linked to functional receptors. Alternatively, muta- 
tions in information not required in all receptor chains 
would not be expected to have strong dominant negative 
character upon their cross-linking to intact receptors. 

Our analysis of several inactive TNF-Rls identified both 
classes of mutations: those that had dominant negative 
character and those that did hot. The differences observed 
between these two classes were not a consequence of 
expression level, but rather were a function of the location 
at which the mutation occurred in the intracellular domain. 
Those mutations that disrupted information in the N-ter- 
minal half of the death domain had dominant negative 
character, while those that disrupted information in the 
C-terminal half did not. One possible explanation for these 
two phenotypes is that sequences in the N-terminal half of 
the death domain are involved in intracellular domain asso- 
ciation. Therefore, when the TNF Hgand crosslinks such 
mutant receptors to wild-type receptors, proper intracellu- 
lar domain association does not occur, and the receptor 
complex cannot be activated for signaling. In contrast, 
sequences in the C-terminal half may not be critical for 
intracellular domain association and the subsequent con- 
version to an active complex; rather, they may associate 
with intracellular signaling molecules, and the association 
of every receptor chain with a signaling molecule may not 
be essential for the generation of a signal. 

A more complete understanding of the signaling of pro- 
gramed cell death will require both structural studies on 
the death domains of TNF-R1 , Fas antigen, and other simi- 
lar molecules and the identification of intracellular mole- 
cules that interact with them. It will aJsp be of interest to 
learn whether there exists a family of intracellular killing 
proteins that provides the specificity for programed cell 
death in different tissues. This information might provide 
the tools to manipulate cell death both positively and nega- 
tively for the treatment of many disease states. 

Experimental Procedures 

Reagents 

Recombinant human TNF (of specific activity over 10' U/mg) and 
mlFN-y were provided by the Genentech manufacturing group. The 
rabbit anti-murine TNF-R1 and rabbit ami-hRt poryctonaJ agonist anti- 



bodies have been described previously (Tartaglia and Goeddel. 1991 : 
Tartaglia and Goeddel. 1 992b). The titer of the ami-hR 1 was 1 : 1 50,000. 
as quantitated by a direct antigen-coated enzyme-Jinked immunosor- 
bent assay. MAb 984 against human TNF-R1 inhibits the binding of 
TNF to human TNF-Ri and has also been described previously (Tar- 
taglia and Goeddel. 1992b). MAb 176 against murine TNF-R1 inhibits 
the binding of TNF to murine TNF-Ri (Tartaglia et al.. 1993). 

TNF-R1 Mutagenesis 

The starting plasmid for the TNF-Rt mutagenesis contained the cDNA 
encoding wild-type TNF-Ri cloned into the Rous sarcoma vims long 
terminal repeat expression vector pRlS and has been described pre- 
viously (Tartaglia and Goeddel. 1992b). Plasmids encoding human 
TNF-Rls with C-terminal truncations were generated by replacement 
of sequences between the HindM restriction site and convenient re- 
striction sites with synthetic DNA containing an in-frame stop codon. 
Verification of correctly modified cONAs was determined by double- 
strand DNA sequencing. All internal deletions and substitution muta- 
tions were generated by site-directed mutagenesis as follows. Regions 
of the TNF-R1 to be mutated were subctoned into Bluescript SK(+) 
(Stratagene) and made single stranded in the duT ung' F Escherichia 
coli CJ236 strain. Oligonucleotides thai contained the desired mutation 
and were complementary to the single-stranded template were used 
for primer extension (Kunke* et ah. 1 987). The primer-extended product 
was transformed into OHSaP. Following ONA sequencing to confirm 
the sequence of the mutated region, the TNF-R1 fragment was sub- 
cloned back into the pRlS expression vector. 

Generation of Murine L929 Clones Expressing Human TNF-R1 
The expression vectors encoding the mutant human TNF-Rls were 
introduced into mouse L929 cells by electroporation. Cells (5 x 10" 
in 1.0 ml) were cotransfected with 0.5 fig of ScaMigested pRrCneo 
and 20 ug of Seal-digested TNF-R1 expression vector. Cells were 
plated into 15 cm plates and. after 2 days, selected in medium con- 
taining 600 ug/ml G418. After 12 days, individual G4l8-reststant 
clones were picked and expanded. To examine the expression of hu- 
man TNF-RI. ceils were incubated on ice for 60 min with 100 ug/ml 
anti-hRl MAb 984 in phosphate-buffered saline containing 2% fetal 
bovine serum. The ceils were then washed and stained with phosphati- 
dylethanoiamine-conjugated goat ami-mouse immunoglobulins (Cal- 
tag Laboratories) and analyzed on an Epics Elite instrument (Coulter 
Electronics). 

L929 Cytotoxicity Assay 

L929 cells (2 x 10* per well) were seeded into 96-wetl microtiter plates 
in 1 00 til of medium (tow glucose Oulbeccos modified Eagles medium 
[OMEM] supplemented with 10% fetal calf serum. 1% L-glutamine, 
100 U/ml penicillin, and 100 mg/ml streptomycin; GIBCO) and incu- 
bated for 24 hr at 37*C in a 5% CO, atmosphere. The medium was 
then brought to 10 ug/ml cyctoheximide. and the anWtRI or TNF was 
added to the wells and serially diluted. The plates were incubated for 
an additional 24 hr (or IB hr for the dominant negative assay) and the 
viable cells stained with 20% methanol containing 0.5% crystal violet. 
The dye was eluted with 0.1 M sodium citrate/0.1 M citric acid and 
50% ethanol. and absorbance was measured at 540 nm. 

NO Assay 

Cells were seeded at i x 10* cells/ml in Corning 24-wetl tissue culture 
plates, incubated at 37°C for 24 hr. and then treated with rhIFN-y (50 
U/ml). alone or in combination with TNF (100 ng/ml). anti-hRl (1:400 
dilution), or anti-mRl (1:1000 dilution). After 48 hr at 37°C, supema- 
tants were assayed for nitrite by the Greiss reaction (Green et al., 
1982). 

Antiviral Assay 

A suspension of cells (100 uO at 2 x lOVml in OMEM supplemented 
with a 5% fetal calf serum was added to each well of a 96-well plate 
for 24 hr before the assay. Ant>hR1 was then added to the attached 
cells at a 1:400 dilution in combination with 0.1 ng/ml mlFN-y. After 
24 hr, celts were challenged with vesicular stornatitus virus diluted in 
OMEM with 2% fetal calf serum at a multiplicity of infection of 0.1 and 
were further incubated at 37*C. After 24 hr. virus control wefts were 
checked by microscopic examination to confirm >60% lysis. The fluid 
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from all wells was poured off. and the attached viable cells were stained 
with 0.5% crystal violet in 20% methanol for 1 5 min at ambient temper- 
ature. Cell viability was determined by eluting the dye from the stained 
cells with 0.1 M sodium citrate/0.1 M citric acid and 50% ethanot and 
measuring absorption at 540 nm. No anti-viral activity was mediated 
by mlFN-y aJone under the conditions of this assay. 
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Summary 

Viral envelope (Env>-receptor interactions have been 
implicated in the cell death associated with infection 
by subgroups B and D avian leukosis-sarcoma viruses 
(ALVs). A chicken protein, CAR1 V was identified that 
permitted infection of mammalian cells by these viral 
subgroups. CAR1 bound to a viral Env fusion protein, 
comprising an ALV-B surface Env protein and the Fc 
region of an immunoglobulin, indicating that it is a 
specific viral receptor. CAR1 contains two extracellu- 
lar cysteine-rich domains characteristic of the TNFR 
family and a cytoplasmic region strikingly similar to 
the death domain of TNFR1 and Fas, implicating this 
receptor in cell killing. Chicken embryo fibroblasts 
susceptible to ALV-B infection and transfected quail 
QT6 cells expressing CAR1 underwent apoptosis in 
response to the Env-lg fusion protein, demonstrating 
that this cytopathic ALV receptor can mediate cell 
death. 

Introduction 

Avian leukosis-sarcoma viruses (ALVs) are divided into 
cytopathic and noncytopathic subgroups. In contrast to 
infection by noncytopathic viral subgroups (A, C, and E), 
which does not lead to cell killing, infection by cytopathic 
viral subgroups (B, D, and F) can lead to the death of 
as much as 30%-40% of target cells during the acute 
phase of infection (Weller et al. f 1 980; Weller and Temin, 
1981). Cells killed by cytopathic ALVs contain approxi- 
mately 300-400 copies of uninteg rated viral DNA per 
cell, whereas noncytopathic ALV infections do not lead 
to accumulation of unintegrated viral DNA (Weller et al., 
1 980; Weller and Temin, 1 981 ). Also, addition of antisera 
to prevent viral reinfection abrogates the viral cytopathic 
effect (CPE; Weller et al. t 1980). These observations 
have led to a proposal that the cell killing associated 
with cytopathic ALV infections might be due to massive 
viral superinfection (Weller et al., 1980; Weller and 
Temin, 1981). Indeed, infected cells that survive this 
transient period of cell killing are resistant to viral super- 
infection because the cognate receptors are functionally 
down-regulated (reviewed by Weiss, 1993). Multiple 
rounds of viral infection have also been implicated in 
the CPE associated with other retroviruses, including 
HIV-1 (Somasundaran and Robinson, 1987; Stevenson 
et al., 1988; Pauza et al., 1990; Robinson and Zinkus, 



1990), spleen necrosis virus (Keshet and Temin, 1979), 
and the feline leukemia virus FeLV-FAIDS (Donahue et 
al, 1 991 ). In the case of HIV-1 , however, superinfection 
is not required for cell killing (Bergeron and Sodroski, 
1992; Laurent-Crawford and Hovanessian, 1993). 

CPE determinants have been mapped to the envelope 
(Env) glycoproteins of several retroviruses, including 
ALV-B (Domer and Coffin, 1986), HIV-1 (reviewed by 
Siliciano, 1996), avian hemangioma virus (Resnick- 
Roguel et al., 1989), Cas-Br-E-murine leukemia virus 
(Paquette et al., 1989), feline leukemia virus C (Riedel 
et al., 1988), and the feline leukemia virus FeLV-FAIDS 
(Donahue et aJ., 1991). The CPE determinants of the 
ALV-B Env subunit surface (SU) also specify usage of 
the subgroup B viral receptor on chicken cells (Domer 
and Coffin, 1 986). This observation suggests that Env- 
receptor interactions might contribute directly to cell 
killing. 

Cytopathic ALV-B and ALV-D and noncytopathic 
ALV-E are predicted to share a cellular receptor encoded 
by the chicken rv-6 locus (reviewed by Weiss, 1993). A 
set of five different alleles of tv-b has been identified: 
tv-b", fv-b* 2 ", and fv-b** permit infection by all three viral 
subgroups; tv-b 13 allows infection by ALV-B and ALV-D, 
but not ALV-E; and tv-tf does not permit entry by any 
of these viruses (reviewed by Weiss, 1993). 

To understand the mechanism of cell killing induced 
by cytopathic subgroups of ALV, we have cloned a 
chicken gene, presumably fv-b* 3 , which encodes a cellu- 
lar receptor for the subgroup B and D viruses. This 
receptor is a member of the tumor necrosis factor recep- 
tor (TNFR) family, and interaction of this protein with a 
subgroup B SIMg fusion protein promotes the death of 
avian cells. This result indicates that cytopathic ALV 
Env-receptor interactions might contribute directly to 
virus-induced cell death. 

Results 

Isolation of Genomic and cDNA Clones That Permit 
Infection by Cytopathic Subgroups of ALV 
A gene transfer approach was used in an attempt to 
isolate the chicken tv-b* 3 locus, predicted to encode 
cellular receptors for the cytopathic subgroups B and D 
ALV (Weiss, 1993). Mouse 3T3 cells were cotransfected 
with pMPHis plasmid DNA conferring histidinol resis- 
tance (Young et al., 1993) and with genomic DNA from 
chicken embryo fibroblasts (CEFs) homozygous for tv- 
b*\ To identify which of the approximately 3,300 histidi- 
nol-resistant colonies were susceptible to ALV-B infec- 
tion, we challenged them with the subgroup B-specrfic 
virus RCASH-B encoding hygromycin B phosphotrans- 
ferase (Young et al., 1 993). The resultant 1 9 hygromycin 
B-resistant colonies were challenged with another sub- 
group B-specrfic virus, RCASB-Neo, conferring resis- 
tance to G41 8. A single primary transfectant, designated 
1 1 B, was infected by both subgroup B viruses. The pres- 
ence of approximately six copies of RCASH-B proviral 
DNA in the population of cells derived from transfectant 
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118 confirmed the occurrence of multiple infection 
events, consistent with receptor-mediated viraJ entry 
(data not shown). Southern blot analysis (Southern, 
1975) demonstrated the presence of chicken genomic 
DNA in this transf ectant (data not shown), as it contained 
multiple copies of B5/B6 avian repeat ONA (Stumph et 
ah, 1981). 

To segregate the putative ALV-B susceptibility gene 
from other transfected DNA sequences, we performed 
a second round of transfection and selection. Geno- 
mic DNA from primary transf ectant 11 B was co trans- 
fected with pPur plasmid DNA encoding puromycin 
N-acetyltransferase into mouse 3T3 cells. The resulting 
20,000 colonies were challenged with RCASB-Neo and 
RCASH-B, leading to 14 colonies resistant to G418 and 
hygromycin B. 

The primary transf ectant 1 1 B contained multiple cop- 
ies of pMPHIS plasmid DNA (data not shown), raising 
the possibility that plasmid sequences were linked to 
the ALV-B susceptibility locus. Indeed, Southern blot 
analysis demonstrated that 7 of 1 2 secondary transfec- 
tants contained a shared locus with a unique copy of 
pMPHIS plasmid DNA (Figure 1A). Thus, this plasmid 
DNA appeared to be linked to the susceptibility locus 
and was used as a molecular tag for cloning. 

To isolate the chicken DNA sequences linked to this 
plasmid, a genomic DNA library prepared from second- 
ary transfectant C1 2 was screened by hybridization with 
a probe specific for the histidinol dehydrogenase gene. 
The BK-1 c clone was isolated (Figure 1 A), and derivative 
restriction fragments were used as hybridization probes 
to isolate the overlapping genomic DNA clone BK-9 (Fig- 
ure 1A). Southern blot analysis using probes derived 
from both of these clones revealed a 7.5 kb stretch of 
chicken genomic DNA shared between several indepen- 
dent secondary transfectants (Figure 1A). Human 293 
cells transfected with the BK-9 genomic DNA clone 
could be infected by RCASH-B, indicating that the re- 
gion of the shared chicken locus contained within this 
clone encodes the ALV-B susceptibility factor (data not 
shown). 

To identify RNA transcripts encoding this factor. 
Northern blot analysis was performed using three 
probes derived from the shared region. A single 2.3 kb 
RNA transcript hybridized with all three probes (Figure 

I B) / Therefore, a cDNA library constructed from CEFs 
was screened with these probes. One clone, designated 
7.6-2, which hybridized with all three probes, was iso- 
lated and conferred susceptibility to ALV-B infection 
upon COS-7 cells (Figure 1C). Furthermore, this clone 
increased by approximately 10-fold the susceptibility of 
these cells to infection by subgroup D viruses (Figure 

I C) , which are moderately mammal-tropic (Bova et al. t 
1988). These results indicate that the cloned gene is 
probably rv-b u , predicted to encode a factor allowing 
infection specifically by ALV-B and ALV-D (Weiss, 1 993). 
As expected, the transfected COS-7 cells were not effi- 
ciently infected by subgroup A, C, or E viruses (Figure 
1C), which do not use receptors encoded by this allele 
of tv-b (Weiss, 1993). 

Preliminary studies have demonstrated that the candi- 
date fv-b gene may be expressed ubiquitously in 
chicken tissues. Northern blot analysis using the 7.6-2 



cDNA clone as a probe revealed an approximately 2.3 
kb RNA species in several different chicken tissues in- 
cluding bursa, gizzard, liver, heart, and lung (data not 
shown). However, these transcripts appear to be much 
less abundant than those observed in CEFs. 

The Cloned Factor Binds Specifically 
to the ALV-B SU Protein 

The 7.6-2 cDNA clone was sequenced leading to the 
identification of a single long open reading frame that 
appears to encode a type I membrane protein with an 
estimated molecular mass of 39 kDa. This protein is 
predicted to contain a signal peptide, an extracellular 
domain with two putative N*linked glycosytation sites, 
a single transmembrane region, and a long cytoplasmic 
tail (Figure 2). 

To test whether the cloned factor bound specifically to 
ALV-B Env, an immunoadhesin (SUB-rigG) comprising a 
subgroup B SU protein fused to the Fc region of a rabbit 
immunoglobulin was constructed. The SUB-rigG pro- 
tein migrated at approximately 200 kDa under nonreduc- 
ing conditions on an SDS-polyacrytamide gel (Figure 
3A) but at approximately 120 kDa when reduced (data 
not shown). This is consistent with the formation of disul- 
fide-linked homodimers similar to those of other immu* 
noadhesins (Capon et al., 1989; Haak-Frendscho et al., 
1993; Pitti et al., 1994). The SUB-rigG protein precipi- 
tated two predominant proteins (approximately 42 kDa 
and 45 kDa in size) from lysates of human 293 cells 
transfected with the 7.6-2 cDNA clone (Figure 3B, right 
panel), but not from cells expressing Tva, the ALV-A 
receptor (Figure 3B, left panel). These two proteins were 
not precipitated by a control immunoadhesin (SUA-rlgG) 
containing the SU portion of a subgroup A Env protein, 
which instead precipitated the heterogeneously modi- 
fied Tva proteins (Bates et al., 1 993; Figure 3B). Endogly- 
cosidase H digestion of the 42 kDa and 45 kDa proteins 
generated a single 40 kDa protein species (M. M. R. f H. 
Adkins, and J. A. T. Y.; unpublished data), demonstrating 
that the major proteins precipitated by SUB-rigG were 
glycosylated forms of the cloned factor. Flow cytometry 
demonstrated that human 293 cells transfected with the 
7.6-2 cDNA clone specifically bound SUB-rigG (data not 
shown). The ability of the cloned factor to bind directly 
to ALV-B SU is an activity expected of a specific viral 
receptor; we therefore designated this protein CAR1 
(cytopathic ALSV receptor). 

CAR1 Is a Member of the TNFR Family 
Several features identified CAR1 as a member of the 
TNFR family that includes TNFR1, TNFR2, Fas, p75 mH , 
OX-40, CD40, CD27, and CD30 (reviewed by Beutler et 
al., 1994). The predicted extracellular region of CAR1 
contains two TNFR-like cysteine-rich domains (CRDs) 
(Figure 4A). Both domains contain six highly conserved 
cysteines, which in TNFR1 are organized into three intra- 
domain disulfide bonds (Banner et al., 1 993). The second 
CRD of CAR1 contains two additional cysteines (resi- 
dues 109 and 115; Figure 4A), as do the third CRDs of 
Fas (Itoh et ah, 1991), TNFR2 (Smith et al., 1990), and 
CD40 (Stamenkovic et al., 1989). Additional conserved 
amino acid residues were identified in both CRDs of 
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CAR1 # some of which in TNFR1 are required for proper 
folding of the structural core of these motifs (Banner et 
aL. 1993; Figure 4A). Compared with the extracellular 
domains of other TNFR-Jike proteins, the regions of 
CAR1 with the most amino acid spacing differences 
(residues Thr-68 to Lys-76; Arg-81 to Gln-87; Cys-109 to 
Met-1 1 7; Pro-1 26 to Gln-1 29) correspond to two variable 
loop regions in the CROs of TNFR1 (Banner et a!., 1 993). 

The predicted cytoplasmic tail of CAR1 contained a 
region strikingly similar to the defined death domains 



of TNFR1 and Fas (Figure 4B) ( which are important for 
the ability of these receptors to induce apoptosis (Itoh 
and Nagata, 1993; Tartaglia et aJ., 1993). Similar death 
domains have been described in other apoptosts-induc- 
ing proteins including p75 MTB (Chapman. 1995), TRADD, 
FADD/MORT-1, and RIP (Figure 4B; reviewed by Cleve- 
land and Ihle, 1 995). The putative death domain of CAR1 
was most highly related to the death domain of human 
TNFR1 (31% identity). Significantly, six residues in the 
death domain of TNFR1 shown to be critical for cell 
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Rgure 2. The 7.6-2 cONA Clone Encodes a Type I Membrane Protein 

(A) The long open reacfing frame contained within the 7.6-2 cONA done. The putative transmembrane domain is underlined, and two potential 
N-ttnked gtycosytation sites (N*X-S/T) are boxed. The predicted teader peptidase cleavage site (von Heijne. 1986) is marked by an arrow. 

(B) A hydropathy ptot of the protein created using the algorithm of Kyte and Doolrttle (1982). 
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Rgurel The Cloned Factor Bound Specifically to an ALV-BSU-te 
Fusion Protein 

W Extracellular supematants containing no imrmmoadhesin (mock). 
SUA-rlgG, or SUB-rtgG were subject* to electrophoresis under 
nonreducmg condition* on a 7.3% polyacrylamide gel containing 
SOS and were immunoblotted using a horseradish peroxidase- 
coupled antibody specific tor rabbit immunoglobulins. 
(B)*S-labeled proteins from lysates of human 293 cede that had 
been transfected either with an expression vector encoding Tva 
fZngler et aL. 199S) or with the 7.6-2 cONA done were precipteted 
by the i SUimmunoadhesins and protein A-Sepharose and analyzed 
by SDS-polyacrytamide gel electrophoresis. The sizes of the molec- 
ular mass markers are given in kOa. 

killing (Tartaglia et ai.. 1993) appear to be absolutely 
conserved in this region of CAR1 (Figure 4B). Therefore 
the cytoplasmic domain of CAR1 contains a region with 
many of the hallmarks of a functional death domain. 

CAR1 Induces Apoptosis in Avian Cells 
TNFR1 and Fas are known to signal apoptosis following 
receptor cross-linking upon binding to their cognate tri- 
menc ligands or to receptor-specific antibodies (re- 
viewed by Nagata and Golstein. 1995). Therefore, we 
decided to test whether the dimeric SUB-rtgG fusion 
protein that is able to bind CAR1 could elicit apoptosis. 
First, we determined if incubation with SUB-rtgG af- 
fected the viability of avian cells that expressed sub- 
group B viral receptors. CEFs (homozygous for the tv- 
6** allele) that express subgroup B viral receptors and 
chicken cells (homozygous for the fv-b' allele) that pre- 
sumably do not express these receptors were used for 
these studies. These cells were incubated with increas- 
ing amounts of SUB-rtgG in the presence of a protein 
biosynthesis inhibitor, cycloheximide. which is routinely 
included in apoptosis assays (e.g.. Laster et al., 1988). 
Following a 6 day incubation period with SUB-rlgG the 
cell population that expressed subgroup B viral recep- 
tors showed a marked reduction in the numbers of ad- 
herent cells (Figure 5A). The magnitude of this effect 
was dependent upon the concentration of SUB-rlgG 
added (Figure 5A) and required cycloheximide. In con- 
trast, the SUB-rtgG protein did not affect the numbers 
of adherent cells observed with the cell population not 
expressing functional subgroup B viral receptors (Fio- 
ure 5A). 1 * 

The nonadherent cells that resulted from incubations 
with. SUB-rtgG and cycloheximide contained nucleoso- 
mal genomic DMA ladders, indicating that they had un- 
dergone apoptosis (data not shown). To obtain further 



evidence that SUB-rlgG induced apoptosis in a manner 
that was dependent on expression of the subgroup B 
viraj receptor, this immunoadhesin was incubated with 
CEFs (homozygous for the fv-6" allele) that were either 
uninfected or chronically infected by the subgroup B 
v.rus RCASH-B. Cells chronically infected by this virus 
have presumably survived any virus-induced cell death 
(Weller et al.. 1980; Weller and Temin. 1981) andTre 
resistant to viral superinfection owing to functional 
™ " r ? 9u,ation oftn « subgroup B viral receptor (Weiss 
1993). For control purposes, these experiments were' 
also performed with CEFs chronically infected by the 
subgroup A virus RCASH-A and with the SUA-rlgG pro- 
tein, which was not expected to induce apoptosis To 
quantitate the degree of apoptosis induced in each cell 
population, we used an EUSA-based assay to measure 
the level of cytoplasmic nucleosomal DMA fragments 
The uninfected cells and the subgroup A vims-infected 
cells showed significantly increased apoptosis in the 
presence of SUB-rtgG and cycloheximide. compared 
with incubation with SUA-rtgG and cycloheximide (Fig- 
ure SB). However, cells chronically infected with the 
subgroup B virus did not die preferentially when incu- 
bated with SUB-rtgG. presumably because subgroup B 
vral receptors had been functionally down-regulated 
(Weiss. 1 993). These data provided-further evidence that 
eeU d2n 0UP 8 Viral r8Cept0f Was im f>°rtant for inducing 
To obtain direct evidence that the subgroup B viral 
receptor CAR1 can induce apoptosis. a cloned line of 
transfected quail QT6 cells stably expressing this factor 
was incubated with SUB-rtgG protein that had been 
purified to 80%-90% homogeneity using a protein A 
column (Zinglerand Young. 1996). CAR1 expression was 
confirmed in these cells by immunoblot analysis (date 
not shown). As expected, these cells were infected by 
RCASH-B in contrast to wild-type QT6 cells (Figure 5C) 
whichare normally resistenttosubgroupBviral infection 
(Weiss. 1 993). Only the QT6 cells expressing CAR1 were 
induced to undergo apoptosis in response to SUB-rtgG 
(Figure 5D). Similar results were obtained with a second 
independent clone of QT6 cells that expressed CAR1 
(data not shown). These results demonstrate that SUB- 
rtgG/CAR1 interactions can lead to the death of avian 
cells. 



Discussion 

A gene was cloned encoding a TNFR-related protein. 

T I « t?™**"* spec"* infection of mammalian 
cells by ALV-B and ALV-D. This protein bound selec- 
tively to a subgroup B ALV SU-lg fusion protein (SUB- 
rlgG) Taken together, these observations indicate that 
CAR1 most likely mediates viral entry by serving as a 
specific receptor for viral subgroups B and D CAR1 
is apparently not related to any other known retroviral 
receptor; these include Tva. a receptor for another avian 
viral subgroup (ALV-A). which is a member of the low 
density lipoprotein receptor family: CD4, a member of 
• the immunoglobulin protein superfamiry; and trans- 
porter proteins that contain multiple membrane-span- 
ning regions (Weiss and Tailor, 1995). 
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Figure 4. CAR1 Is a Member of the TNFR SuperfamUy 

(A) Alignment of the extracellular CRDs of CAR1 with the corresponding regions of the human TNFR1 {l^tscher at aU 1990; Schanet^. 
1990) and human Fas (Itoh et ah, 1991). Boxed amino acids indicate amino acids identical to CARL A set of three disulfide bonds in TNFR1 
(Banner et al. 1993) is indicated as SS1-SS3. SS4 represents a putative disulfide bond found in CRDs of some TNFfVreiated c<otemsu^ng 
the second CRD of CAR1 . Asterisks indicate amino acid residues which, in addition to the cysteines, stabilize the conformation of TNFR1 

(EM CAR 1 contains a putative death domain. Alignment of a cytoplasmic region of CAR1 with the death domains of other proteins. Boxed 
amino acids indicate amino acids identical to CAR1. and asterisks indicate residues of TNFR1 that are essential for ced k.H.ng_ (Tartaglia et 
ai., 1993). 



CAR1 contains two extracellular CRDs similar to those 
found in the TNFR family. Based on the known structure 
of the four domains of TNFR1 (Banner et ai,, 1993), the 
six cysteines in the first CRD of CAR1 are predicted to 
form three intradomain disulfide bonds (Figure 4A). The 
eight cysteines in the second CRD of CAR1 are pre- 
dicted to have the same pattern of disulfide bonds with 
an additional putative bond formed between Cys-109 
and Cys-115 (Figure 4A). It is intriguing that the ALV- A 
interaction site of Tva is contained within a low density 
lipoprotein receptor-related motif that is similar in size 
to TNFR-like CRDs and is predicted to contain three 
intradomain disulfide bonds (Belanger et ah, 1995; Daly 
et al„ 1995; Zingler et aJ., 1995). This similarity suggests 
that viral interaction sites of Tva and CAR1 might have 
common features. 

The CRDs of TNFR1 are known to adopt similar core 
structures (Banner et al. t 1993), and residues important 
for the stability of this structure have been identified. 
These include highly conserved Asp/Asn-Thr residues 
(located before the last cysteine residue), which are hy- 
drogen-bonded to a conserved serine or threonine resi- 
due located after the third cysteine (Figure 4A). Also, a 
conserved aromatic residue (Tyror Phe) located approx- 
imately five residues after the first cysteine provides 



further stability by interacting both with the second di- 
sulfide bridge and the Asp/Asn:Ser hydrogen bond 
bridge (Banner et al. f 1 993). A number of these important 
amino acid residues are also found in CAR1 (Tyr-67, 
Thr-82 f Asn-98, Thr-99, Phe-1 08, Thr-1 23, and Asp-1 40), 
suggesting that both CRDs of the ALV receptor are 
structurally related to those of TNFR1 (Figure 4A). 

The presence of a cytoplasmic region in CAR1 similar 
to the death domain of Fas and TNFR1 (Figure 4B) led 
to experiments demonstrating that this ALV receptor 
could induce apoptosis in avian ceils. CEFs that ex- 
pressed subgroup B viral receptors underwent apop- 
tosis in response to the ALV-B SU immunoadhesin, 
whereas cells that lacked these receptors did not. In 
addition, preinfection of CEFs by ALV-B led to protection 
against apoptosis induced by this immunoadhesin. Pre- 
sumably, this protection is due to subgroup B viral re- 
ceptor down-regulation in these ceils (Weiss, 1993), al- 
though subgroup B virus infection might have selected 
for a cell population resistant to SU&-rig-induced 
apoptosis. Furthermore, the subgroup B SU immu- 
noadhesin caused apoptosis in quail QT6 ceils that sta- 
bly expressed CAR1, but not in wild-type QT6 cells. 
These data demonstrate that cytopathic ALV Env- 
receptor interactions can lead to cell death and might 
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Figure 5. CAR1 -Mediated Apoptosis 

(A) CEFs susceptible to ALV-B infection m preferentially kitted in 
response to SUB-rlgG. A representative experiment in which ap- 
proximately 2x10* CEFs that either expressed or lacked 
{tv-tf*) functional subgroup B viral receptors were incubated with 
increasing amounts (1 , 1 0, and 1 00 ^0 of extracellular supematants 
containing SUB-dgG (Figure 3A) in the presence of 7.5 jig/ml of 
cycloheximide. The numbers of adherent cells were counted after 
6 days and corrected relative to the numbers of cells remaining after 
incubation with cycloheximide alone. 

(B) CEFs chronically infected by ALV-B are protected from SUB- 
rlgG-tnduced apoptosls. A representative experiment in which ex- 
tracellular supematants containing SUA-rlgG or SUB-rlgG (Figure 
3A) were incubated with 2 x 10* CEFs that express subgroup B viral 
receptors (rv-b*** 1 ) and that were either uninfected or chronically 
infected with the subgroup A virus RCASH-A or with the subgroup 
B virus RCASH-B. These experiments were performed for 2 days in 
the presence of 10 ^g/ml of cycloheximide. Cells were assayed for 
evidence of apoptosis using an EUSA-based assay that measures 
photometrically the amount of cytoplasmic histone-associated DNA 
fragments. The apparent reduction in the level of SUB-rigG-induced 
apoptosis obtained with RCASH-A-infected cells probably reflects 
their observed reduced plating efficiency in these experiments. 

(C) A cloned line of QT6 celts stably expressing CAR 1 was suscepti- 
ble to infection by the RCASH-B virus: The number of hygromycin 
B- resistant colonies that resulted from viral infection is shown. 

(D) Quail OT6 ceils that expressed CAR1 underwent apoptosis in 
response to SUB-rlgG. Approximately 2x10* OT6 celts or QT6 
cells expressing CAR1 were incubated with 16 ng of either purified 
SUB-rlgG or purified SUA-rlgG in the presence of 2.5 ^g/ml of 
cycloheximide. The apoptosis assays were performed as described 
in (B) above, and the results were from two independent experi- 
ments. 



explain why cells killed by these viruses contain "lad- 
ders" of degraded genomic DNA fragments (Wellerand 
Temin, 1981) that presumably result from apoptosis 
(e.g„ltohetal M 1991). 

It seems likely that CAR1 triggers cell death in a man- 
ner similar to Fas and TNFR1; cross-linking of these 
receptors by their trimeric ligands leads to aggregation 
of their death domains, resulting in apoptosis (Hon and 
Nagata, 1993; Nagata and Golstein, 1995; Smith et aJ. f 
1994; Tartaglia et al/, 1 993; Watanabe-Fukunaga et aJ. ( 
1992). Cytoplasmic proteins have been identified that 



bind directly to the wild-type death domain of either Fas 
or TNFR1 and induce or potentiate apoptosis. These 
include TRADD (Hsu et a!., 1995), FADD/M0RT1 (Chin- 
naiyan et at., 1995; Boldin et al. ( 1 995), and RIP (Stanger 
et al. f 1995). It seems reasonable to expect that similar 
types of proteins interact with the death domain of CAR1 
and may be involved in signaling apoptosis by this cellu- 
lar receptor. 

The fact that CAR1 permits specific infection of mam- 
malian cells by ALV subgroups B and 0 but not E indi- 
cates that it is most likely the product of tv-b" t the 
chicken locus predicted to encode cellular receptors for 
these two ALV subgroups (Weiss, 1993). If future gene- 
mapping studies confirm this locus designation, it will 
be important to isolate and characterize any products 
of tv-t/ (which do not allow infection by cytopathic sub- 
group B and D viruses; Weiss, 1993). Any differences 
between these proteins and CAR1 might help identify 
the viral interaction determinants of the receptor. Com- 
parison of h/-b alleles that encode receptors for noncy- 
topathic subgroup E viruses (Weiss, 1993) with CAR1 
might provide crucial insights into the mechanisms of 
cell killing associated with ALV-B and ALV-D. 

Viruses have evolved various strategies to evade host- 
cell killing by encoding inhibitors of apoptosis (reviewed 
by Thompson, 1 995). These include the Bcl-2 homoiogs 
BHRF1 and LMW5-HL of Epstein- Barr virus and African 
swine fever virus, respectively (Neilan et al., 1 993; Hen- 
derson et aL, 1993); the cowpox virus crmA protein, 
which is a specific inhibitor of IL-1 p-converting enzyme 
(Ray et ah, 1992); and the myxoma virus T2 protein (a 
soluble TNFR-Jike protein), which can protect cells from 
lysis by TNF (Schreiber and McFadden, 1994). Given 
that other viruses have devised strategies to evade 
apoptosis, it seems counterintuitive that cytopathic sub- 
groups of ALV would utilize a cellular receptor that could 
induce apoptosis in the host cell. A hypothesis that 
might explain this apparent paradox is that functional 
down-regulation of the subgroup B viral receptor that 
follows ALV-B infection (Weiss, 1993) might provide a 
selective advantage for the virus. For example, given 
that Fas is important for the elimination of virus-infected 
cells by cytotoxic T lymphocytes (Lowin et al., 1994; 
reviewed by Nagata and Golstein, 1 995) and that TNFR1 
has been shown to be necessary for clearing Listeria 
monocytogenes infection (Pfeffer et al., 1993). CAR1 
might also be involved in immune clearance of virus- 
infected cells. If so, functional down-regulation of CAR1 
following infection by subgroup B or D ALV might protect 
the host cell from apoptosis by this pathway. Consistent 
with this hypothesis, cells infected by ALV-B were pro- 
tected from apoptosis induced by SUB-rlgG (Figure SB). 
This would be a novel mechanism for evading apoptotic 
elimination of infected cells. 

In "conclusion, our results indicate that subgroups B 
and D ALV Env-CAR1 interactions may contribute to the 
virus-associated CPE by inducing apoptosis. This model 
would explain why the determinants of subgroup B viral 
receptor usage on ALV-B SU Env proteins appear to be 
the same as those responsible for the cytopathic effect 
(Domer and Coffin, 1986). Presumably, cell-surface ex- 
pression of functional subgroup B viral receptors is im- 
portant for the viral CPE as well as for the associated 
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viral superinfection. This would explain why chronically 
infected cells, which have functionally down-regulated 
subgroup B viral receptors, are resistant both to viral 
superinfection and to cell killing (Weller et ai., 1980; 
Weller and Tern in, 1 981 ). It is possible that viral superin- 
fection contributes to ALV-induced cell killing (Weller et 
al. v 1980; Weller and Tern in, 1981), although multiple 
rounds of viral infection may simply be a consequence 
of cell death. Env-receptor interactions have also been 
implicated in HIV-1 -induced CPE (Lu et al., 1994; Cao 
et al. ( 1996; Banda et al., 1992), although the exact de- 
tails of the mechanisms of cell killing are probably differ- 
ent because of the absence of a death domain in the 
viral binding receptor, C04. It remains to be seen 
whether other proteins containing death domains are 
used as cellular receptors by different cytopathic retrovi- 
ruses, including ALV-F (Weller et al., 1980; Weller and 
Temin, 1981), spleen necrosis virus (Keshet and Temin, 
1979), and subgroup C feline leukemia viruses (Riedef. 
1988). 

Experimental Procedures 
Ceils and Viruses 

Mouse NIH 3T3 cells. Quail QT6 cells. Monkey COS- 7 cells. Human 
293 celts, and primary CEFs were grown and selected as previously 
described (Young et al.. 1993; Bates et ai. 1993; Connolly el aU 
1994; Zingter and Young, 1 996). Chicken fibroblasts were obtained 
from the Avian Disease and Oncology Laboratory. USOA Poultry 
Laboratories (East Lansing, Michigan). Cells homozygous for tv-fes* 
were derived from One 0 chickens, those homozygous for tv-& were 
derived from a cross between fine 100B and line 7 chickens, and 
those homozygous for rv-fr* 2 " were derived from Hne 15B1 chickens. 
The subgroup B-speciftc R CASH- 8 virus containing the hygromycin 
B phosphotransferase gene driven by the HSV thymidine kinase 
(tk) promoter was described previously (Young et at, 1993). The 
subgroup E-specrftc RCASH-E virus was derived from RCASH-B by 
replacing a 1 .1 kb Kpnl-Sall env fragment with that from the RAV-0 
viral strain. The subgroup A-specific RCASA-neb, subgroup B-spe- 
cific RCASB-Neo, and subgroup D-specrfic RCASO-neo viruses 
were generated from previously described provtraJ DMAs (Connolly 
et al., 1 994) by digestion with Clal followed by end-filling with Klenow 
polymerase to generate blunt-ended cloning sites. An end-fitted 1 .2 
kb Xhol Hindi fragment containing the HSV-tk promoter and the 
neomycin phosphotransferase gene from plasmid pMCtneo PA- 
(gift from M. Feinberg) was introduced into the blunt-ended dorttng 
site of each viral vector. The subgroup C-specific RCASC-neo virus 
was derived by first subcloning a similar Xhol-HindW fragment from 
plasmid pMCLneo PA- into piasmid SACla12Nco (Hughes et aL, 
1987). A Clal-Clal fragment containing these ONA sequences was 
then used to replace the hygromycin B phosphotransferase gene 
of the RCASH-C virus (Connolly et aL, 1994). 

DMA Transections. Radfoectivety Labeled Probes, 
and Nucleic Acid Hybridizations 

All DNA transfections were performed by the calcium phosphate 
precipitation method (Wigler et at, 1 977). The radioactrvery labeled 
probes were prepared by the random priming method (Feinberg and 
Vogeistein, 1984). ONA and RNA samples that were transferred to 
a Genescreen plus (DuPont) membrane were hybridized with probes 
at 65°C using standard conditions (Church and Gilbert. 1 964) unless 
otherwise indicated. The membranes were exposed for autoradiog- 
raphy to Kodak XAR-5 film with intensifying screens at -80*C. 

Genomic DNA Transfections and Infection 
by Subgroup B ALV Vectors 

A total of 6 x 10* mouse BALB/3T3 cells were cotransfected with 
1 20 m£ of genomic ONA (sheared to an average size of approximately 
20 kb) prepared from CEFs homozygous for tv-tf 1 and with 12 ng 



of pMPHis plasmid ONA encoding histidinol dehydrogenase (Young 
et al.. 1993). After 48 nr. the cells were selected in histidine-free 
medium containing 1 mM histidinol. Cells derived from these colo- 
nies were challenged over a 3 day period with a total of 6 x 10* 
infectious units of RCASH-B virus and 1 day later were selected in 
medium containing 300 ng/ml of hygromycin B. Celts derived from 
the resultant hygromycin B-resistant colonies were plated out at 
20% confluency in 6-wefl plates, challenged with 10 4 infectious units 
of RCASB-neo virus, and 1 day later were selected in medium con- 
taining 300 tip/ml of G418. 

A total of 1.4 x 10/ mouse BALB/3T3 cells were transfected with 
200 |ig of genomic ONA (from an aliquot of primary transfectant 
11B cells that were infected onry by RCASH-B) and with 20 ng of 
plasmid pPur encoding rjuromycm-N-acetyt-transiersse (Qontech). 
After 2 days, s ec ondary transf ectants were selected in media con- 
taining 2 tig/ml of puromyctn. Celts derived from the puromycin- 
resistant colonies were challenged with a total of 2 x 10* infectious 
units of the RCASB-neo virus and 1 day later were selected in 
rr>edjum containing 300 M^ml of G41 8. Cells d 
tant G41 8-resistant colonies were plated at 20% confluency in 6-weU 
plates, challenged with 5 x 10* infectious units of subgroup 
B-specmc RCA»4-B virus, and 1 day later were selected in medium 
containing 300 po/ml of hygromycin B. 

Genomic ONA Clones 

Hindlll-HindJII restriction fragments approximately 6.5-8 kb in size 
and Kpnt-Kpnl restriction fragments approximately 8-10 kb in size 
(derived from C12 secondary tr an sfec tan t genomic ONA) were size- 
selected by agarose gel electrophoresis and introduced into the 
XZAP vector (Stratagene). generating libraries of approximately 
300.000 and 1 50.000 recombinant dones, respectively. The library 
of Hindltl fragments was subjected to three rounds of screening 
using a 2 kb Pvull-Pvull fragment from the pMPHIS plasmid as a 
hybridization probe. Following a standard phagemid excision proto- 
col (Stratagene), the BK-lc done was isolated. The library of Kpnl 
fragments was subjected to three rounds of screening by hybridiza- 
tion with the 1 .9 kb EcoRI-HindtU and 1.5 kb EcoRI-EcoRI fragments 
from clone BK-1c This led to the isolation of the genomic DNA 
clone BK-9. 

Northern Blot Analysis and cDNA Cloning 
Samples of approximately 10 ^.g of total RNA prepared from CEFs 
homozygous for rv-b** were subjected to 1 % agarose gel electro- 
phoresis in the presence of formaldehyde (Ausubei et at., 1992), 
transferred to a nylon membrane, and subjected to hybridization 
with radioactfvery labeled probes. 

Approximately 5 ng of poryadenytated mRNA from these CEFs 
was reverse-transcribed to generate cDNA using a c o mm er ci ally 
available kit (ZAP Express cONA synthesis krt; Stratagene) and intro- 
duced into the XZAP Express vector (Stratagene), Approximately 
225.000 recombinant clones were transferred to nylon membranes 
and subjected to three rounds of screening by hybridization with 
the radioactiveiy labeled 2.5 kb, 1 3 kb. and 1 .5 kb probes derived 
from the BK-9 and BK-lc genomic dones. Following hybridization, 
the membranes were washed at 56°C with 2 x SSC prior to autoradi- 
ography. Using a standard phagemid excision protocol (Stratagene), 
plasmid p8K7.6-2 was isolated, and the cONA done was subse- 
quently sequenced by the chain termination method (Sanger et aL, 
1977). 

Construction, Purification, and Analysis 
of SU-lmmunoadheslns 

The SUB-rigG protein comprised amino acids 1-344 of the subgroup 
B SU protein derived from the RCASH-B virus (Connolly et aL, 1994) 
fused in-frame to the Fc region (amino acids 96-323) of a rabbit IgG 
heavy chain (SwtssProt a ccess io n number POT 870). The SUA-rigG 
protein comprised amino acids 1-338 of the subgroup A ALV SU 
protein derived from the RCASH-A virus (Young et al, 1993) fused 
to the same immunoglobulin sequences. The corresponding DNA 
sequences were fused together following the mtroduction of in- 
frame BamHI sites in each construct by standard polymerase chain 
reaction-based mutagenesis protocols (Ausubei et at, 1992). The 
resultant SUA-rigG and SUB-rtgG genes were introduced into the 
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pCB6 mammalian expression vector (Bates et al.. 1 993). These pro- 
teins were released in the extracellular supematants of transiently 
transfected human 293 cells and purified as described elsewhere 
(Zlngler and Young, 1996). 

Samples of 25 id transfected cell supematants were subjected to 
7.5% SOS-poryacrytamide gel electrophoresis under non reducing 
conditions, and the SIMmmunoadhesins were detected by immu- 
noblotting with a horseradish peroxidase-coupled donkey antibody 
specific for rabbit irnmunoglobultns and by enhanced chemilurniries- 
cence (Amersham) as described elsewhere (Zingler and Young. 
1996). The SU-immunoadhesins were purified using a protein A col- 
umn as described elsewhere (Zingler and Young, 1996). 

Tva end CAR1 Binding to hnmunoadhesins 
Human 293 cells plated at approximately 20% confluence on 100 
mm tissue culture plates were transfected with 15 *ig of a piasmid 
encoding Tva (Zingler et aL, 1995). 15 of piasmid pBK7.6-2 en- 
coding CAR1, or no DNA. The transfected cells were metabottcatty 
labeled for 2 hr with Dulbecco's modified Eagle's medium without 
cysteine and methionine containing 1% dialyzed fetal calf serum 
and 100 ftCi/ml *S-cystetne (ICN Chemicals). Cell fysates were pre- 
pared in a lysis buffer containing NP-40 as described previously 
(Belanger et aL, 1995). Afiquots (one-tenth) of each sample were 
then incubated at 4°C for 45 min with 10 id of protein A-Sepharose 
beads (Sigma) and 30 uJ of Sepharose CL-48 (prebound to 1 ml of 
extracellular supematants containing SUA-rlgG or SUB-rlgG for 45 
min). The bound proteins were collected by centrifugation, and afi- 
quots of these samples were subjected to electrophoresis on a 1 0% 
SDS-polyacrylamide gel under reducing conditions. The gel was 
dried and exposed to Kodak XAR-5 film at room temperature. 

Infection of Transfected COS-7 Cells with Different 
Subgroups of ALV 

COS-7 cells were transfected with 20 *ig of 7.6-2 piasmid pBK7.6-2 
Amp (derived from pBK7.6-2 by replacement of the neomycin phos- 
photransferase gene with the ampicOfin resistance gene of p Blue- 
script KS- [Stratagene]). Transfected cells were challenged with 
serial 1 0-fold dilutions of the virus stocks. The titers of the undiluted 
stocks of RCASA-neo, RCASB-neo, RCASC-neo, and RCASO-neo 
viruses were approximately 10* infectious units/ml as determined 
by limiting dilution infection of CEFs. The titer of the undiluted stock 
of RCASH-E virus was approximately 10 3 infectious units/ml as de- 
termined by limiting dilution infection of turkey embryo fibroblasts. 
Between 24-36 hr after infection, the cells were selected in media 
containing 300 |ig/ml of either hygromycin B or G41 8. Drug-resistant 
colonies were counted 11-14 days after infection and the numbers 
corrected per ml of undiluted virus, 

Cell-Killing Assays 

CEFs chronically infected with either RCASH-A or RCASH-8 were 
generated by infecting 5 x 10* cells with approximately 1 0 9 infectious 
units of virus. Following two ceil passages to allow viral spread, 
infected cells were selected in medium containing 60 no/ml of hy- 
gromycin B. Cell-kitting experiments were performed with unin- 
fected and infected CEFs derived from the same embryo that had 
been passaged in culture for the same period of time (1 3 days). QT6 
ceils expressing CAR1 were generated by transfectton with 15 fig 
of piasmid pBK7.6-2 followed by selection In medium containing 300 
(ig/ml of G41 & Individual clones were tested for CAR1 expression by 
immunoblot analysts that employed SUB-rigG and a horseradish 
peroxidase-co u pled antibody specific for rabbit immunoglobulins. 
The ceO-kiUing experiments were performed using the Cell Death 
Detection Plus™ EUSA kit (Boehringer Mannheim), in which cyto- 
plasmic nucleosomes are purified by a histone-spectfic antibody 
and detected photometrically. 
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nam magnetic carrier in the sheeted dike 
basalts, did not form simply by oxidation- 
exsotution, as has commonly been assumed 
(6, 12, 26) . The natural remanent magne- 
tization (NRM) of the sheeted-dike basalts 
was presumably acquired by the single-do- 
main Tt-bearing magnetite (the host after 
exsolution) during initial cooling. This was 
a thcrmoremanent magnetization (TRM) 
and was then modified by chemical rema- 
nent magnetization of recrystallized end- 
member magnetite during hydrothermal al- 
teration near the spreading center. The 
initial cooling and hydrothermal alteration 
appear to have taken place soon after the 
intrusion of basalts; therefore, the NRM 
reflects the original geomagnetic field direc- 
tion (6). 

The thickness of the source layers re- 
sponsible for the sea- floor magnetic anom- 
alies has long been debated and has been 
estimated as extending from the uppermost 
500 to 1000 m (pillow basalts, layer 2 A) of 
the oceanic crust to depths of —8 km 
(essentially the entire oceanic crust) (3, 7, 
27, 28). The results of studies of magnetic 
properties of sheeted dike basalts recovered 
from DSDP drill holes suggest that the 
sheeted dike complex (layer 2B) contrib- 
utes significantly to sea-floor magnetic 
anomalies (6, 26, 29). However, magnetic 
data from ocean gabbros indicate that the 
linear magnetic anomalies originated partly 
in the gabbro layer (layer 3) (29-31). We 
have shown that single -domain, end-mem- 
ber magnetite, an efficient and stable carrier 
of TRM, is responsible for the magnetic 
properties in the upper levels (depths of 
-630 m to at least —1125 m within the 
igneous basement) of the sheeted dike com- 
plex at site 504B. The resultant NRM 
intensity of the sheeted dike basalts is on 
the same order as that of the pillow basalts 
at site 504B (6. 8, 12). We therefore 
conclude that the upper sheeted dike ba- 
salts from DSDP hole 504B are a significant 
source of sea-floor magnetic anomalies. 
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the Trk family of receptors for neurotro- 
phins (2). pTS" 01 * has some sequence 
similarity to the tumor necrosis factor re- 
ceptors fTNFR I (3) and TNFR II -(4)1. the 
human cell surface antigen Fas (Apo-1) 
(5), and die B cell antigen CD40 (6), all of 
which mediate cell death. In the case of 
TNFR I and Fas, binding of the receptor by 
ligand or antibody initiates cell death. In 
the case of CD40, however, binding by 
monoclonal antibody (mAb) or ligand in- 
hibits cell death (6). Thus, some cells 
expressing CD40 are dependent on ligand 
or mAb binding for survival. Because of 
structural and functional analogies between 
the CD40 and tfS" 0 ** systems, the possi- 
bility that p75 hiCFK serves as a constitutive 
cell death-promoting molecule that is in- 
hibited by NGF binding was evaluated. 
We expressed plS* 1 *™ ^ temperature- 
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Induction of Apoptosis by the Low-Affinity 
NGF Receptor 

Shahrooz Rabizadeh, Justin Oh, U-tao Zhong, Jie Yang, 
Catherine M. BWer, Larry L Butcher, Dale E. Bredesen* 

Nerve growth factor (NGF) binding to cellular receptors is required for the survival of some 
neural cells. In contrast to Trk A, the high-affinity NGF receptor that transduces NGF signals 
tor survival and differentiation, the function of the tow-affinity NGF receptor, p75 NOFR , 
remains uncertain. Expression of p75 NOFR induced neural cell death constitutrvery when 
p75 ngpr was unbound; binding by NGF or monoclonal antibody, however, inhibited ceil 
death induced by p75 NQF *. Thus, expression of p75*° FR may explain the dependence of 
some neural cells on NGF for survival. These findings also suggest that p75 NQF * has some 
functional similarities to other members of a superfamiiy of receptors that include tumor 
necrosis factor receptors. Fas (Apo-1), and CD40. 
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Rg. 1. Expression of rat 
p75 WP by transfected 
conditionaliy immortal- 
ized neural cells (28). 
(A) Northern Wot demon- 
strating lack of Trk A and 
p75 NGfn expression by 
CSM 14.1 ceils. p75 NOFB 
expression was demon- 
strated after transfection 
by pBabe-puro-p75 NGm . 
Lane 1. CSM 14.1 trans- 
fected with p8abe-puro- 
p75NOPR and grown in serum-containing rnecfium without NGF: lane 2. CSM 
14.1 transacted with p8abe-puro-p75 NQFR and grown in medium with 
serum and NGF (2 nM); lane 3. CSM 14.1 transfected with pSabe-puro and 
grown in serum-containing medium without NGF; lane 4. CSM 14.1 trans- 
fected with pSabe-puro and grown in medium with serum and NGF (2 nM); 
and lane 5. PCI 2 control. Note that the enotog^nous transcript in PC1 2 cells 
13.7 kb (29)] is shorter than the transcript in the pBaDe-puro-p75 MOffl - 



by 





transfected ceils (precficted to be 4.3 kb). and that treatment of the CSM 
14.1 ceils with NGF did not result in p75 NGrn expression (lanes 2 and 4). 
Lanes 1 through 4 contained 25 vjq of total RNA; lane S contained 10 m-9 of 
total RNA. (B) Irnrrnjrxxytocbemistry of CSM 14.1 cells transfected with 
pBabe-puro-p75 NaFR (85 x 11% of ceils expressed p75 Mtyn ). (Q Immu- 
rxx^tochemistry of CSM 14.1 cefls transfected with p6abe-puo (0.6 ± 
0.5% of the cefls expressed p75 NO ™y Magnification, x400. 



sensitive immortalized neural cells (7) by 
means of a retroviral vector, pBabe-puro- 
p75 NCFR (8) j). Conaoi ccU$ XT9ns . 

fected with pBabe-puro expressed neither 

p75 lsKDFR n0f Tfk A (Fig l} f n cc|U cu| . 

tured in medium containing serum, expres- 
sion of piS 1 * 5 "* had no effect on cell death, 
bur. when serum was withdrawn to induce 
apoptosis (9), expression of pTS** 31 * led to 
an increase in neural cell death (Fig. 2). 
However, if NGF (5 nM) was added, not 
only was the negative effect on cell survival 
suppressed, but the cells had a death rate less 
than that of control ceils transfected with 
the identical vector lacking the p75 NGFR 
sequence (Fig. 2). Binding of p75 NGFR by a 
mAb also suppressed the enhancement of 
neural cell death by p75 NCFR f but led to less 
improvement of cell survival than did NGF 
(Fig. 2). Addition of a control mAb did not 
affect cell survival (Fig. 2). Neither NGF 
nor mAb affected survival of the control 
cells (Fig. 2). 

We demonstrated that the type of cell 
death induced by pTS* 0 ** was apoptoric by 
expressing p75 NGFR in the R2 cell line, a 
conditionally immortalized cerebellar neu- 
ral line (10) that, in the absence of 
p75 NCFR expression, does not undergo apop- 
tosis in serum-free medium. As shown in 
Fig. 3. expression of p75 NCFR by the R2 cell 
line led to virtually complete cell death in 
serum-free medium, with the nuclear frag- 
mentation, chromatin condensation, and 
homogeneous nuclear staining that are 
characteristic of apoptosis but not necrosis 
(11). Control R2 transfectants survived 
well in serum-free medium (Fig. 3). 

It was possible that the mediation of 
neural cell death by p75 NCFR might have 
been a result of the vector-driven expres- 
sion of p75 NCFR in neural cells that do not 
express endogenous p75 MCFR . Therefore, 
PC 1 2 pheochromocytoma cells, which ex- 
press p75 NGFR (Fig. I) and undergo apop- 
totic cell death after serum withdrawal 




Fig. 2. Enhancement of neural cell death in cells expressing p75 NOF * CSM 14.1 cells (7) were 
grown in OMEM with FBS (10%) at 34*C and then switched to the restrictive temperature of 39*C for 
36 hours. Cell death was then induced by replacement of the medium with serum-free OMEM (either 
alone or in combination with NGF (5 nM)|. and cell viability was determined each day for 4 days. 
Viable ceils were identified by trypan blue exclusion and by propidkjm iodide fluorescence. 
Differences between cells expressing p?*,**** and control cells were highly statistically significant 
(P - 0.0001 by two-way analysis of variance, n - 5. from four different stable transections of each 
pfasmid) Error bars represent standard deviations. (A) Effect of serum-free medium on viability of 
cells expressing p/S* 0 ™ in comparison to control cells. Squares, ceil transfected with pBabe-puro- 
p75 NGFfl- circles, cells transfected with pBabe-puro: triangles, cells transfected with p8abe-puro- 
p75 NQW \ grown in medium with 10% serum; diamonds, cells transfected with pBabe-puro, grown 
in medium with 10% serum. (B) Effect of NGF (5 nM) and fiwncctonaJ antibodies (10 n-Q/mO on cells 
expressing pis'**" (closed bars) and control cells (open bars). Control mAb was directed against 
human p53 (anti-p53) (10 M^TnO (Pharmingen). Each pair showed a ftg^ signifcant difference (P 
< 0.01 by paired t !est. n - 3). except the mAb to p75* OFW (anti-p75) (P < 0.05) and the controls 
(no significant difference). 



(12), were studied. In the presence of mAb 
binding to p75 NOFR (10 p-g/ml), the num- 
ber of cells undergoing cell death after 
serum withdrawal for 3 days was decreased 
from 78 ± 8% to 13 ± 4% (P < 0.01 by 
paired t cesr, n = 3), whereas the same 
concentration of control mAb did not affect 
cell survival. Furthermore, mutant PC 1 2 
cells lacking expression of p75 NCFR (13) 
underwent very little cell death in serum- 
free medium (12 X 6% cell death after 3 
days of serum-free medium, n = 4), whereas 
mutant PC 12 cells derived in parallel (13) 
that retained expression of p75 NGFR also 
retained the characteristic of undergoing 
cell death in response to serum withdrawal 



(50 * 15% cell death after 3 days of 
serum-free medium, n = 4; P < 0.0 1 by 
paired t test). As an additional control, 
another plasma membrane protein, p-amy- 
loid precursor protein (fj-APP 75l ), was ex- 
pressed with the pBabe-puro expression 
vector in the same conditionally immortal- 
ized neural cell line (CSM 14.1), without 
effect on apoptosis (14). This does not 
exclude the possibility that the expression 
of other proteins may enhance apoptosis. 

Although both NGF and mAb directed 
against p75 NGFR enhanced cell survival, 
and although Trk A is not expressed by 
CSM 14.1 cells (Fig. 1A), it was possible 
that NGF inhibited the death of tempera - 
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flo. 3. Apoptosis in R2 cefls {10) transfected with pBabe-puro-p7S NVR . but not in R2 cetb 
transfected with p8abe-puro. Cells were grown in OMEM wfth FBS (10%) at 34*C, seeded at a 
density of 5 x 10* ceils/cm 2 , and placed at 39*C in serum-free medium. After 6 days in serum-free 
medium, propidium iodide was added at a concentration of 10 \iM, and cells were viewed with a 
Zeiss Axiovert microscope. (A and B) R2 cells transfected with pBabe-puro. (C and D) R2 cells 
transfected with pBaoe-puro-p75 Naw \ (A and C) Phase contrast. (8 and D) Fluorescence. In (0). 
many nuclei are fragmented, which is characteristic of apoptosis (single arrows mark some 
examples); other nuclei are homogeneously stained, also characteristic of apoptosis. The only 
example of a nonapoptotic nucleus in this field is denoted by a double arrow. Magnification. x320. 



cure-sensitive immortalized neural cells ex- 
pressing p75 NOFR by binding to the high- 
affinity receptor (dissociation constant {K^ 
■ - 2.3 x 10~ 11 M (15)) rather than the 
low-affinity receptor (K d « 1.7 x 10" 9 M 
(I5)|. Therefore, several concentrations of 
NGF were tested. The inhibition of cell 
death by NGF in this cell line was minimal 
at concentrations of NGF that bind only 
the high-affinity NGF receptor significantly 
(Fig. 4). In contrast, concentrations of 
NGF equating or exceeding the affinity 
constant for binding to the low-affinity 
receptor increased cell survival (Fig. 4). 
Survival of control CSM 14.1 cells trans- 
fected with the expression construct lacking 
the p75 NCFR open reading frame was not 
increased by NGF (Fig. 4). 

Thus, the expression of piS 1 *** result- 
ed in an enhancement of neural cell death 



in serum-free medium when p75 NCFR was 
not bound by ligand or antibpdy, whereas 
enhancement of survival beyond that of 
controls occurred with binding of the recep- 
tor. This dichotomous response defines a 
previously urtdescribed type of receptor 
function within the nervous system. This 
effect of pTS* 0 " 1 may account for the fact 
that some cells become dependent for their 
survival on the binding of NGF. Early 
neural cell precursors are independent of 
NGF, but during development specific neu- 
ral cells become dependent oh NGF (16). 
Increased expression of pyS* 0 **, which has 
been shown to occur during development 
(17), could conceivably effect such a 
switch. Although binding of NGF to Trie A 
enhances cellular survival and differentia- 
tion (1), active induction of cell death in 
the absence of NGF may also occur, and 
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Rg. 4, trihfcrtion of conditionally immortalized 
neural cell death by various concentrations of 
NGF. CSM 14.1 cefls were grown as described 
in fig. 2. Serum-free medium included the 
indicated conce ntr ations of NGF. Error bars 
represent standard deviations (n - 3). 



this may be mediated at least in part by 
p 75NCfR jk c type of cell death induced by 
pTS** 001 — apoptosis — is the same as that 
induced by growth factor withdrawal (18). 
However, we cannot exclude the possibility 
that p75 NOFR may under some conditions 
induce necrosis, especially because the 
TNFRs may mediate either apoptosis or 
necrosis (19). Our results suggest an addi- 
tional function for plS**** in neural cells, 
but have no bearing on the other functions 
ascribed to pTS* 0 ** or on the interaction of 
other netirotrophins, such as brain-derived 
neurotrophic factor, with pTS** 3 **. How- 
ever, the enhancement of neural cell sur- 
vival by binding of NGF or mAb to 
p75 NCFR suggests that a similar effect might 
occur when plS** 0 ** is bound by other 
neurotrophic. Neither do the results bear 
on the role of plS**** in the death of 
non-neuronal cells, such as astrocytes or 
developing renal cells. 

Somewhat similar receptors have been 
described, including the TNFRs, FAS (Apo- 
1), and CD40. These molecules show gen- 
eral structural similarity to p75 NOFR , with 
similar extracellular cysteine-rich pseudo- 
repeats and a single tr ansm embrane domain 
(20). The structural similarity of plS* 40 ** to 
the other members of the supexfaxnily occurs 
in the extracellular domain (5), but the 
functional similarity .may result from the 
transduction of a signal leading to (or inhib- 
iting) cell death- The function of pTS* 40 ?* is 
analogous to that of CD40 in that expression 
occurs on developing cells (mainly central 
cholinergic, sympathetic, and sensory neu- 
rons in the case of pTS 1 * 3 " 1 , centroblasts and 
centrocytes in the case of CD40 (6)|, and 
leads to a requirement for binding if survival 
is to occur. In both cases, binding of the 
recept o r leads to improved, but incomplete, 
cell survival (Figs. 2 and 4) (6). Other 
determinants are clearly involved, because 
binding of antigen by developing B cells also 
enhances survival (6), tack of expression of 
CD40 ligand does not result in a reduction 
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in circulating B cells (21), and neural cells 
expressing p75 NCFR survive in media con- 
taining serum (Fig. 2). The mechanism by 
which unbound p75 NCFR or other members 
of this receptor superramity lead to neural 
cell death is unknown. However, the struc- 
tural and functional relation between 
p75 NOFR and TNFR I and II suggests that 
they may have similar mechanisms of action. 

The highest level of expression of 
P^NGFR j n oenfjai nervous system oc- 
curs in cholinergic neurons of the nucleus 
basal is of Meynert, the cells most severely 
affected in Alzheimer's disease. These ceils 
continue to express normal (22) or supra- 
normal (23) amounts of plS**** mRNA 
and protein during the neuronal degenera- 
tion associated with Alzheimer's disease. In 
contrast, cholinergic cells of the brainstem 
that resemble those of the nucleus basalis 
morphologically, but do not express 
p75 ncfr (24), do not degenerate in Alzhe- 
imer's disease (25). 
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Transient increases in the concentration of 
calcium tons (ICa 2 *)^ act as cell signals. In 
general, the signal shows spatial and tempo- 
ral inhomogeneity and takes the form of 
waves or oscillations within the cell (I). 
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Several mechanisms have been proposed to 
account for regenerative Ca 2 * release (2). 
Release of Ca 2 * from internal stores can be 
stimulated by ah increase in (Ca 2 *^; this 
process is termed Ca 2 * -induced Ca 2 * release 
(CICR) (3). This Ca 1 * release appears to be 
mediated by Ca 2 * channels in the endoplas- 
mic reticulum (ER) that are sensitive to 
CYtpplasmic agonists, to lCa 2 *| (( and to the 
amount of Ca 2 * in the lumen of the ER (4). 
Two closely related Ca 2 * channels with 
these properties are the inositol trisphos- 
phate receptor (IP^R) (5) and the 



Redundant Mechanisms of Calcium-Induced 
Calcium Release Underlying Calcium Waves During 
Fertilization of Sea Urchin Eggs 

Antony Galione,* Alex McDougall, William B. Busa, Nick Wiilmott, 
Isabella Gillot, Michael Whrtaker 

Propagating Ca 2 * waves are a characteristic feature of Ca 2 *-linked signal transduction 
pathways. Intracellular Ce a * waves are formed by regenerative stimulation of Ca 2 * release 
from Intracellular stores by Ca a * itself. Mechanisms that rely on either inositol trisphos- 
phate or ryanodine receptor channels have been proposed to account for Ca 2 * waves In 
various cell types. Both channel types contributed to the Ca 2 * wave during fertilization of 
sea urchin eggs, Alternative mechanisms of Ca 2 * release impry redundancy but may also 
allow for modulation and diversity in the generation of Ca 2 * waves. 
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A region of the 75 kDa neurotropy receptor homologous to the death 

domains of TNFR-J and Fas 

Barbara S. Chapman* 



AMitfd .VUttilKiw «f the NTR/TNFA farnlr/ medlar, apento- 
«K Ih many Iw***. Vft «qu«*ee aeroofegy aaa not been detected 
lit tMr ImniwHulnf domain* except for a *deara tfomato* hi 
ITMrlM m*\ r'aa. Here, n region of tho 75 kDa oeurotroofa 
nwpfer (N IH) has been altfMd wian tail apoatoris^ocLu 
awllf. rrptWca at hV cerboxyl terminus of tacfrj docaaa) potao- 
ildllr fnf**i ammhspWlk: Mica, oac of waJea fin NTftl ~J»ZLj u 



awllf. rrpswcsi at iw rtrooxyi (trmjouj of tacaj docaalb pot*£ 
•Idltr Own awfrftlpWlk: Wko, oar of waica (In NTR) weeinMos 
ttiM»l«i|mraiu u fS-»rnfehi activating peptide. MoJaailar fttodtb of 
thitdi-nrcim pepffrfca cusflctl that oWvcd 



ttiM»l«|mreiu u tt-arnceni a cava nog pepttdt. Molaealar nodtb of 
thnv tlntfti-rvciai peptide* ojg a c*i that oaaarved OMocace siitj. 
InrllU* rvttcc! a ccwwton atroctorc, pern*** capable of oodtfttw 
lug #* kwfciecd roil fo Mix transition, ^ 

A Vv »iWr Ncnirotivphb receptor; NGF receptor; 
Mokvitkir modeling; Apoptoars: Alpha-hcfix; Mattoparaa 



1. InfrndiKtion 

Rcw|Mo« of the NTRfTNFR family function daring devej- 
opiw nnJ in aJiiti lissves by regulating apoptotic cell death 
.All |hww extracdlttlnr domains competed of repeating 



utiiis thai loM wiio n ViMMWktHiiw »n u&uirc However 
ir\%v|M f«»» 'npoptiiti* motif in TNFR-I (55 kDa) and Fas/ 
it her $ruttciwr nor structural *imi!*r;i u k*, u 



m mi .in 4ipnp»':u» hum u m i^rM KDa) and Fas/ 
Ajw-t. neither scqttciux nor structural similarity ha< been ofe- 
«nI in the mtr^etiufctr domains of these molecule* [5-7]. 
Vitriol* failing mcrtunisou hive been proposed for mem- 



uv 



Vitriol* failing mcrtunisou hive been proposed for raexn- 
Kmof the family. Although direct substrate phosphorylation 
;t* been ruled out by (he absence of cataJ vtic domain 



. rHuiw^ii suonraie pnosphorylation 

ken nilevt out b>- (he absence of catalytic domain 4, interic- 
i with tiy toptomfc sginnf ing tnoloculcj apparently bnk actJ. 
uttixl rwetM w i 41 iWMKtng catcadas fBJ. The esUbHihed fuac- 
iu%n of i he iicuriifniphin receptor (NTR) U to modulate the 
Atlintty flttJ activity c»t*tyro<ine kinases that promote neuronal 
*mvival pi. It *vas womtry sJiovvn, however, to induce apop- 
uHu**vll iteiih much like that stimulated by TNFR*i and Fm 
IUMIJ. I'nitkeTNKK-l and fai, cell death iadveed by rVTR 
is nrtenwd rather th.in cuiued bj* figand binding. This function 
« *\*r«w«t« m ith ^Krvunons that iu Contribution to the sun 
\i\ jI rcHVnsc can rr*i be mcaiurtd it hlfih ritio^ of NTR to 
t\*i*.\|TCtt*l trk nveptors. which also bind ninirouophinj (91 
tV*e Kivitsi prMptAi ;i re-^amioation of the intraceJIular 
J.o«uin of NTR for rx^ble similarities to TNFR-I end Fai 
«h**h may *i^ial ihnui^i g related mcchaniitn, Le. jphincch 
tttvctiiu^e ovtivatMn {l?-MJ. 

«Hk^ Wrrtmarto IUJ#. 515 Pamai«« AvJur Urn Fr.S* 
Cv ^t^uje. I SA. ||) (JJ5> 476.9124. 

(A^ivro'iv NTR. V VOa ivnrmrophln r*eept»r; TKfPR lU m«r 
^ ^ g— oaiae dlpluaiphau T C-prouia 



ta-? urn.).; *«wu CmtM , docttirca, \\\ n ^ ti f^^^ 



tor. To a^lo« ^MmflSSJoi ^^,^ e «T ,r0 ?' , " , r<C "" 
five juuetura wen m^iJ^ cf lh,$ ho »no»o«y, put*. 

o^^-=^^^^ 

* Ai^STS' "" , ' < -'"'> , »? «n**« 

^ .etfvity wtrc o^Wfw &^ ,and " ,, Vy« mCT " orhl0 ^- 
Mr-X MP- A', M?lZ. ^7" PfP 0 ^ •» WW. Mil 

ne method, of Cm^TZdThZfVT* of 
•Horn • hdiul itructuic Httcmi^,^^.. 1 ' ' *H»«ce csuld 



www a. *- 
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humfm, 220 TBafifaffiir nfi|£ „r=| ffi-w v 217 

Awotr 331 gM2H?£BH^7iSlir ^ g; 

xatotx 32e fig ■ r.H" -Mr f ]f B3* * - iv~ Q ra° c *«® 

Si Mlli^ I 

cJttotr 3 JsJ ~ ~ G * Q * jBBH^^gj[|^ * HHT Z 0 * * 0 " * A^WSRHc 283 

aligned with the death rerions of TVFU r. .1* ^ 

*A »PP«r «„ be anchored by^EhSo^I-i ^ Ur *' To CE .J^S *nutaHt«, the ^ 
served in the hoxnoJo^ unU, NTP ^1^1^^' U>ru.heto| ^"d " SL^T"""* ^cled wj lb 

Unexpected pattern* of lequenos™™^^? raiduw 349-J M "P* 1 ^** hum.n NTR 

were invited Bmb^lKL^T' Wo - (41 TNFR. I retidue , 

proper Jo ^Hgned ^.2^^^^ ^ "UmvT^.S ST" - ' ^ 

»o Ihij region (24.25). »w»»"«>e have been mapped ^r-r-v.. j> » 
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•howliw that mu!*.l«T^rT "par, menu I t«ult» 

detect, bfc efl£*ij *• mu " nM °' Af S-3*9 had no 

t>mlUr potUien in \Jl V coft * crved Uu seem* lo occur* a 



«he plana of the figure. Sec also 2B u,h»~ ■ , . 

ncn ai petttioo II of each helical \»h»*n tl- 

u««d by 1D NMR , 2 Q ^"^^'^^ob. 
iho receptor modeb fRTtti^fc ".•«*P«'w of 
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f <*4. Medtit rotated to ditplty a»n»fclpfcilich«S« i. mL~i . T^" - """ " ^ii;;^-.;^-: 



likewise look, lite the poUr nr f^, of the oioaded receptou 

*' iae »onom of each receptor's hydrophobic Uec Mn*li„ 
th« .how. ,ha, ,he d e ^«w7p^^rS' r !S f ^ 

.J^r?"* W^BicnUy-aciive hmIo* tnd bee-vw«» 

."ST Q *««P«P<'<« caprod^ mojVcule. tHaTwiSm 
Uiorataic O proteins nor form hcJicex MS 17 711 tv ' wr 

pnauc residua at manoparan pctitioni } 6 10 an «4 11 a„ 



4. DteonJoa 

r*»idu« coaiciWin .7,- ^ *" d b « ctu * : »«ven»l 

li™,^ , Wt * ! nd P'^P 113 ""' Primarily med for 
itpwJinc or for regulation. In idantifyiog a m M fomir.« 1 kr 
W,de , n xhe C«r»ln,J half oT each .i^d^T S 
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fot»«io Ml ctonn r w « coa^helhwre induced by rece^r 
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